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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 

U.S.  customary  units  of  measurement  used  In  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 

by 

To  obtain 

inches 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

'  cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  x  10"3 

kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

*To  obtain  Celsius 

(C) 

temperature  readings 

from  Fahrenheit  (F)  readings, 

use  formula:  C  *  (5/9) 

(F  -32). 

To  obtain  Kelvin 

(K) 

readings,  use  formula: 

K  -  (5/9)  (F  -32)  +  273.15. 
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BENTHIC  COMMUNITY  RESPONSE 


TO  DREDGING  BORROW  PITS, 

PANAMA  CITY  BEACH,  FLORIDA 
by 

Carl  H.  Salomon,  Steven  P.  Naughton, 
and 

John  L.  Taylor 

I.  INTRODUCTION 


1 .  Background. 

On  the  gulf  coast  of  northwestern  Florida,  at  Panama  City  Beach,  major 
environmental  alterations  over  the  past  10  years  have  provided  an  exceptional 
opportunity  to  determine  the  degree  and  duration  of  these  alterations 
associated  with  the  practice  of  dredging  and  beach  nourishment.  Historically, 
these  events  have  included  the  development  of  several  engineering  plans,  the 
intervention  of  a  major  hurricane,  an  emergency  dredging  and  beach  restoration 
program,  and  several  ecological  studies  related  to  disturbances  caused  by  both 
the  hurricane  and  the  dredging. 

In  1970,  the  Senate  Committee  on  Public  Works  acknowledged  an  urgent  need 
for  beach  erosion  control  and  hurricane  protection  at  Panama  City  Beach.  This 
critical  situation  was  referred  to  the  U.S.  Army  Engineer  District,  Mobile, 
for  study.  In  1975,  the  Mobile  District  completed  a  feasibility  report  that 
contained  recommendations  for  beach  nourishment  and  maintenance  along  29.8 
kilometers  of  shoreline  from  the  entrance  to  St.  Andrew  Bay,  west  to  Philips 
Inlet  (Wilson,  1975).  During  preparation  of  the  report,  the  U.S.  Army  Coastal 
Engineering  Research  Center  (CERC)  sponsored  a  research  program  to  determine 
ecological  changes  that  could  be  expected  from  the  dredging  and  coastal 
construction  work.  This  investigation,  which  was  conducted  by  the  National 
Marine  Fisheries  Service  (NMFS)  between  November  1974  and  October  1975, 
involved  the  study  of  hydrology,  sediments,  and  benthic  fauna  at  two  offshore 
stations,  and  at  five  stations  on  each  of  nine  nearshore  transects.  Emphasis 
was  placed  on  diversity,-  abundance,  and  distribution  of  bottom-dwelling 
invertebrates  which  are  directly  affected  by  dredging  and  redistribution  of 
sediments  (Saloman,  1976). 

Before  this  investigation  was  completed.  Hurricane  Eloise  struck  Panama 
City  Beach  (25  September  1975) .  Winds  up  to  185  kilometers  per  hour  and  seas 
estimated  at  9  meters  caused  severe  erosion  and  extensive  property  damage 
(Saloman,  1976;  Salsman  and  Ciesluk,  1978).  In  winter  months  that  followed, 
high  wind  and  waves  associated  with  periodic  cold  fronts  caused  further  shore¬ 
line  erosion. 
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In  anticipation  of  the  storm,  and  realizing  the  opportunity  to  measure 
large-scale  environmental  changes  alongshore,  NMFS  conducted  an  intertidal 
benthic  survey  that  consisted  of  faunal  sampling  before  the  storm  and  during 
a  1-month  period  after  the  storm.  The  pattern  of  faunal  disruption  and  re¬ 
covery  recorded  in  this  unique  study  provided  considerable  insight  into  the 
sequence  of  population  changes  to  be  expected  in  the  proposed  beach  nourish¬ 
ment  program  (Saloman  and  Naughton,  1977). 

In  the  next  year  (July-August  1976),  the  Corps  of  Engineers  funded  an 
emergency  dredging  operation  to  restore  the  most  ravaged  beach  areas  and 
established  berms  to  provide  temporary  protection  against  storms  normally 
occurring  during  fall  and  winter  seasons.  Numerous  borrow  areas,  305  to  610 
meters  offshore  (6-  to  9-meter  depth)  were  dredged  and  about  306,000  cubic 
meters  of  sand  was  pumped  ashore  at  23  distribution  sites  (U.S.  Army 
Engineer  District,  Mobile,  1976). 

At  the  same  time,  NMFS  again  conducted  studies  of  the  nearshore  environ¬ 
ment  over  a  3-month  period  prior  to  dredging,  during  dredging,  and  for  about 
6  months  after  dredging  was  completed.  Benthic  sampling  sites  were  selected 
in  nourishment  areas  and  in  unrestored  areas.  The  location  of  the  three 
nourishment  areas  coincided  with  the  location  of  benthic  base-line  data 
collected  in  1974  (Saloman  and  Naughton,  unpublished  data). 

Based  on  emergency  nourishment  experience  and  the  analysis  of  the 
Hurricane  Eloise  data  collected,  the  Mobile  District  revised  original  plans 
for  shoreline  protection  and  maintenance  at  Panama  City  Beach.  The  revised 
plan  included  berm  enlargement  on  the  beach  front  and  additions  to  height  and 
width  of  backbeach  dunes.  Consequently,  the  volume  of  sand  estimated  for 
original  construction  was  increased  from  4  to  8  million  cubic  meters;  and 
borrow  areas  formerly  selected  at  9-meter  depths  were  relocated  seaward  along 
the  18-meter  bottom  contour  (Wilson,  1976). 

Onshore,  the  environmental  impact  of  this  latest  plan  can  probably  be 
predicted  to  a  high  degree  of  accuracy  on  the  basis  of  findings  in  NMFS  beach 
surveys  in  1974  and  1976.  Briefly  stated,  the  results  of  these  Investigations 
showed  that  shallow,  subtidal  and  intertidal  faunas  recover  rapidly  following 
major  disturbances  (natural  or  man- induced ) .  A  more  recent  study  funded  by 
CERC  provides  additional  information  on  the  long-term  environmental  effects 
of  dredging  in  offshore  borrow  areas  at  Panama  City  Beach  (Culter  and  Mahadevan, 
1982).  A  study  of  short-term  environmental  effects  of  dredging  in  offshore 
borrow  areas  at  Panama  City  Beach  is  the  subject  of  the  present  report. 

2.  Purpose. 

This  report  provides  a  comprehensive  analysis  of  benthic  data  from  studies 
designed  to  show  short-term  environmental  effects  of  offshore  dredging  during 
the  emergency  restoration  project  at  Panama  City  Beach  in  July-August  1976. 
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It  is  based  on  comparisons  of  hydrological,  sedimentological,  and  biological 
data  from  collections  at  stations  A  and  B  in  base-line  studies  that  began  in 
1974  (Saloman,  1976),  and  from  control  and  experimental  samples  taken  by  NMFS 
in  undredged  bottom  and  borrow  areas  over  a  20-month  period  between  April  1976 
and  November  1977. 


II.  STUDY  AREA 

Panama  City  Beach  is  located  on  the  northwestern  gulf  coast  of  Florida 
about  145  kilometers  east  of  Pensacola.  The  study  area  covers  35  kilometers 
and  extends  from  West  Pass  at  the  entrance  to  St.  Andrew  Bay,  to  Philips  Inlet 
(Fig.  1).  The  beach's  sugarlike  sand  and  exceptionally  clear  water  are  major 
attractions  for  about  2  million  visitors  annually.  Tourism  is  a  great  economic 
asset  and  most  of  the  beach  has  been  developed  to  accommodate  tourists  and 
provide  various  types  of  recreation. 

Regional  meteorological  and  oceanographic  conditions  were  described  by 
Salsman  and  Ciesluk  (1978).  Climate  is  humid  and  subtropical.  Average  summer 
and  winter  air  temperatures  are  28°  and  12°  Celsius,  with  about  the  same  water 
temperatures  at  respective  seasons.  Winds  are  20  kilometers  per  hour  or  less 
at  most  times,  and  rarely  exceed  37  kilometers  per  hour.  From  spring  through 
late  summer,  the  net  wind  direction  is  southerly,  but  between  September  and 
January,  the  direction  shifts  to  northerly.  Waves  are  usually  about  0.9 
meter;  tides  are  diurnal,  and  tidal  amplitude  is  normally  about  0.6  meter;  and 
tidal  currents  are  generally  below  4  kilometers  per  hour.  However,  during 
tropical  storms  and  ahead  of  cold  fronts,  strong  winds  off  the  gulf  produce 
waves,  tides,  and  currents  far  greater  than  average.  Even  in  less  severe 
weather,  beach  sand  is  easily  eroded  because  of  its  fine  texture  (0.1-  to  0.2- 
millimeter  median  diameter).  Seaward,  a  series  of  parallel  sandbars  protects 
the  beach  to  some  extent,  but  beyond,  the  featureless  bottom  slopes  rather 
quickly  to  a  15-meter  depth  at  1.6  kilometers  from  shore.  At  greater  depths, 
sediments  are  somewhat  coarser  and  widely  scattered  limestone  reefs  appear  in 
low  relief. 


III.  SAMPLING  STATIONS  AND  RATIONALE 

The  sampling  data  in  this  report  were  collected  in  about  9  meters  of  water 
at  stations  located  offshore  of  Panama  City  Beach.  As  a  matter  of  convenience, 
and  for  clarity,  these  stations  have  been  separated  into  three  groups  since 
there  were  differences  in  their  locations,  sampling  procedures,  and  objectives. 

The  first  group  includes  stations  A  and  B  (Fig.  2)  of  the  preconstruction 
investigation  of  1974-75.  Station  A  was  located  seaward  of  the  Fiesta  Motel 
about  midway  between  West  Pass  and  Philips  Inlet.  Station  B  was  seaward  of  the 
Roundtowner  Motel,  which  is  just  east  of  Philips  Inlet.  The  sampling  schedule 
at  these  stations  consisted  of  an  initial  collection  in  November  1974,  and 
subsequent  quarterly  collections  in  February,  May,  and  August  1975.  Both  were 
sampled  before  beach  nourishment  to  determine  seasonal  environmental  conditions 
(base-line  data)  in  the  zone  designated  for  dredging  (Saloman,  1976). 
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Figure  1.  Study  area  at  Panama  City  Beach,  Florida,  showing  stations 
July  1977. 
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Figure  2.  Schematic  representation  of  sampling  plan,  Panama  City,  Florida 


The  second  group  contains  station  1  (Fig.  2),  located  seaward  of  Treasure 
Island  Hotel  (near  the  eastern  end  of  the  study  area) ,  which  had  two  collect¬ 
ing  areas — one  at  the  borrow  site  and  the  other  a  short  distance  away  on 
undredged  bottom.  Samples  were  taken  from  the  designated  borrow  site  before 
dredging  in  April,  June,  and  July  1976.  Then  2  days  after  dredging  (10  August 
1976),  concurrent  sampling  was  started  inside  and  outside  the  borrow  pit. 
Sampling  in  both  the  pit  (experimental  samples)  and  adjacent  to  it  (control 
samples)  continued  on  a  weekly  schedule  for  1  month.  Samples  were  taken  twice 
the  next  month,  and  then  monthly  thereafter  until  the  study  was  concluded  in 
November  1977.  These  samples  were  collected  to  record  diversity  and  abundance 
of  benthic  fauna  at  a  specific  dredge  site  before  dredging  started,  and  then, 
over  time,  to  compare  population  characteristics  of  control  samples  with 
experimental  samples. 

The  third  group  includes  stations  1,  2,  3,  4,  5,  and  6  for  one-time 
sampling  only  inside  and  outside  borrow  pits  during  July  1977 — about  12  months 
after  dredging  (Fig.  2).  The  six  stations  were  located  seaward  of  the  follow¬ 
ing  landmarks:  station  1,  Treasure  Island  Motel;  station  2,  Sun  and  Swim  Motel; 
station  3,  Hilton  Holiday  Inn,  station  4,  Sandpiper  Motel;  station  5,  Peppertree 
Condominium  (now  Landmark  Condominium);  and  station  6,  Blue  Dolphin  Motel. 

These  collections  provided  a  comparison  of  fauna  in  control  and  experimental 
samples  from  a  number  of  borrow  pits  for  an  evaluation  of  short-term  recovery 
within  a  period  of  1  year.  Throughout  this  report,  samples  from  stations  A 
and  B,  and  preconstruction  samples  from  station  1,  are  referred  to  as  base¬ 
line  or  control  samples;  all  other  samples  from  outside  borrow  pits  are  called 
control  samples,  and  all  samples  from  within  borrow  pits  are  designated 
experimental  samples. 


IV.  SAMPLING  AND  ANALYTICAL  PROCEDURES 


1.  Hydrology. 

Surface  water  temperature  and  salinity  measurements  were  recorded  in  each 
sampling  period  at  stations  A  and  B,  and  on  a  monthly  schedule  over  the 
duration  of  sampling  at  station  1.  Temperature  was  taken  using  a  hand-held, 
mercury  bulb  thermometer  graduated  in  Celsius  degrees.  Salinity,  in  parts 
per  thousand,  was  determined  with  a  Goldberg  temperature-compensated 
ref ractometer  (American  Optical  Co.,  Model  No.  10419). 

2.  Sedlmentology . 

Sediment  samples  were  collected  to  determine  textural  features,  statistical 
properties,  and  carbon  chemistry.  Textural  parameters  included  weight  percentages 
of  granules,  sand,  and  silt-clay.  Mean  grain  size,  standard  deviation  (as  a 
measure  of  sorting),  skewness,  and  kurtosis  were  calculated  and  interpreted 
according  to  the  system  described  by  Folk  (1974).  The  carbon  analyses  included 
total  carbon,  total  organic  carbon,  and  total  carbonate  carbon. 
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Collections  were  limited  to  surface  samples  that  included  the  upper  10 
centimeters  of  sediment.  Sediments  were  collected  in  standard  8-ounce,  screw- 
cap  jars;  all  samples  were  stored  frozen  prior  to  analyses.  Detailed 
analytical  methods  are  described  by  Saloman  (1976) . 

For  textural  analyses,  sediment  samples  were  sieved  at  1-phi  intervals 
in  nested  screens  placed  on  a  mechanical  shaker.  Fraction  weights  were 
recorded  to  the  closest  milligram  and  tabulated  as  weight  percentages.  No 
hydrometer  or  pipette  determinations  were  required  because  silt-clay  per¬ 
centages  were  quite  low.  Based  on  grain-size  distribution  curves,  formulas 
introduced  by  Folk  (1974)  were  used  to  calculate  statistical  properties. 

Carbon  analyses  were  made  using  a  Leco  750-100,  90-second  carbon  analyzer. 

Additionally,  divers  recorded  observations  of  sediment  inside  and  outside 
the  borrow  pit  at  station  1.  These  observations  were  made  on  a  regular  basis 
during  the  first  postconstruction  collection,  and  in  subsequent  collections, 
until  the  study  ended. 

3.  Benthos. 

At  all  collecting  points,  infauna  was  sampled  with  a  hand-operated  plug 
sampler  (box  corer)  that  covered  a  surface  area  of  1/64  square  meter  and 
penetrated  the  bottom  to  a  depth  of  23  centimeters  (Saloman,  1976).  Replicate 
samples  were  taken  at  each  site,  but  the  number  was  not  always  the  same  for 
each  of  the  three  station  groups.  At  stations  A  and  B,  four  replicates 
composed  a  sample  (preconstruction  base-line  study  of  1974-75).  At  station  1, 
the  first  collection  contained  32  replicates  (19  April  1976),  while  second  and 
third  preconstruction  samples  each  consisted  of  36  replicates.  After  dredging, 
however,  both  control  and  experimental  samples  from  station  1  each  Included 
16  replicates.  Finally,  in  the  one-time  collection  at  stations  1  to  6,  1  year 
after  dredging,  control  and  experimental  samples  were  each  composed  of  40 
replicates.  The  decision  to  take  more  than  4  replicates  in  most  samples  was 
somewhat  arbitrary,  since  sampling  to  develop  a  species  rarefaction  curve 
showed  that  4  plugs  comprised  an  adequate  qualitative  and  quantitative  sample 
of  the  nearshore  benthos  (Saloman,  1976).  For  reference,  a  schematic 
representation  of  the  overall  sampling  plan  was  prepared  to  show  geographic 
relationships  among  stations  within  the  study  area,  landmarks  along  the  shore, 
pertinent  transect  locations  from  studies  started  in  1974,  and  the  sampling 
locations  of  borrow  pits  and  undredged  bottom  studied  between  April  1976  and 
July  1977  (Fig.  2). 

All  benthic  samples  were  taken  by  scuba  divers  and  sieved  on  shipboard  in 
a  0.3-meter  diameter  screen  of  0.7  millimeter  mesh.  Material  remaining  on  the 
screen  was  preserved  with  10-percent  seawater  formalin  in  standard  2-quart, 
screwcap  jars.  Rose  bengal  dye  was  added  to  the  formalin  to  stain  organisms 
and  facilitate  their  subsequent  separation  from  debris.  In  the  laboratory. 


each  collection  was  resieved  under  tapwater  and  all  specimens  from  respective 
samples  were  stored  in  70-percent  isopropanol  for  final  sorting,  taxonomic 
determinations,  and  species  counts.  The  0.7  millimeter  screen  was  used 
instead  of  a  conventional  0.5  millimeter  one  because  the  former  facilitated 
sieving  operations  and  retained  a  percentage  of  infauna  that  was  shown  to  be 
very  nearly  equivalent  to  that  sampled  by  the  smaller  mesh  size. 

As  in  Saloman's  (1976)  work,  biological  data  presented  here  include  a 
species  checklist  and  individual  station  listings  that  show  species  occurrence 
and  frequency,  together  with  calculations  for  number  of  individuals  per  square 
meter  and  the  Shannon-Weaver  index  of  faunal  diversity  (H').  Also,  as  a 
measure  of  relative  species  dominance,  equitability  (J')  was  computed  for  each 
station  (Pielou,  1975).  Two  other  statistical  procedures  were  also  employed. 

The  first,  Morisita's  Index  (Morisita,  1959;  Bloom,  1981),  provided  a  numerical 
method  of  comparing  faunal  similarity  between  comparable  sets  of  control  and 
experimental  samples,  and  was  used  to  develop  similarity  matrices  and  classifi¬ 
cation  diagrams  that  graphically  show  faunal  relationships  based  on  station  data 
for  diversity  and  abundance. 

The  second  procedure,  a  stability  analysis  (Bloom,  1980),  is  a  multivariate, 
nonparametric  statistical  and  geometric  procedure  that  converts  biotic  data 
from  control  and  experimental  samples  into  communities  that  can  be  represented 
mathematically.  For  one  representation  all  base-line  and  control  data  were 
used  to  define  numerical  characteristics  of  a  preconstruction  community  cluster 
that  has  a  central  point,  or  centroid,  and  certain  specific  spatial  limits.  In 
the  first  stability  analysis,  the  distance  from  the  centroid  to  control  and 
experimental  samples  was  used  to  determine  variability  among  samples  from 
undredged  and  dredged  bottoms.  In  the  second  analysis,  community  clusters 
calculated  for  experimental  samples  were  compared  to  the  preconstruction 
cluster,  in  postconstruction  sequence.  When  a  boundary  or  an  experimental 
cluster  met  the  limit  of  the  preconstruction  cluster,  faunal  recovery  was 
accepted.  Experimental  collections  from  station  1,  where  sampling  over  time  was 
done,  were  the  only  borrow  pit  samples  used  in  this  analysis. 

V.  RESULTS 


1.  General . 

The  findings  in  this  section  are  based  on  the  detailed  information  given 
in  Appendixes  A  to  F.  Appendix  A  lists  abiotic  parameters  by  station.  Appendix 
B  is  a  checklist  of  aill  organisms  collected  at  offshore  stations  from  November 
1974  to  November  1977.  Appendix  C  contains  all  biological  station  data  and 
indices  of  diversity  (H’)  and  equitability  (J').  Appendix  D  (Similarity 
Matrices)  and  E  (Classification  Analyses  and  Dendrograms)  are  both  based  on 
Morisita’s  index  of  faunal  similarity.  Appendix  F  is  a  graphic  representation 
of  the  two  stability  analyses.  The  first  graph  shows  comparative  variability 
among  control  and  experimental  samples  when  compared  with  the  centroid  of  a 
community  cluster  calculated  from  all  base-line  and  control  samples.  The  second 


14 


is  a  stability  plot  for  experimental  samples  from  station  1  showing  the  post¬ 
construction  time  lapse  before  faunal  recovery  appears  evident. 

2.  Hydrology . 

Water  temperature  and  salinity  data  from  the  1974-75  sampling  at  stations 
A  and  B  were  compared  to  data  from  station  1  sampled  during  similar  months  in 
1976-77  (Table  1) .  Both  sets  of  data  show  normal  seasonal  trends  in  water 
temperature,  except  for  one  abnormally  low  value  of  9°  Celsius  recorded  in 
February  1977. 

Salinity  was  low  at  stations  A  and  B  in  August  1975,  but  salinity  during 
other  months  was  32  parts  per  thousand  or  higher,  and  similar  to  station  1 
records  (Table  1) .  Appreciable  declines  in  salinity  apparently  coincide  with 
periods  of  seasonally  heavy  rainfall. 

3.  Sedimentology . 

The  influence  of  dredging  on  sediment  composition  was  determined  by 
analyses  of  base-line  and  control  samples,  compared  to  samples  taken  from 
borrow  pits.  Base-line  data  came  from  seasonal  sediment  collections  at 
stations  A  and  B,  and  from  those  taken  before  dredging  at  station  1  in  April, 
June,  and  July  1976.  Control  data  were  available  from  samples  outside  the 
borrow  pit  at  station  1,  and  from  samples  collected  in  an  undredged  bottom  at 
stations  1  to  6  in  July  1977.  Data  from  experimental  samples  also  came  from 
periodic  collections  at  station  1,  and  from  borrow  pit  collections  in  the 
single  survey  in  July  at  stations  1  to  6. 

Textural,  statistical,  and  chemical  properties  of  base-line  samples  (Table 
2)  were  used  to  describe  natural  features  of  offshore  sediments,  since  these 
samples  were  collected  in  all  seasons  prior  to  dredging  at  eastern,  central, 
and  western  locations  within  the  study  area  (see  App.  A). 

a.  Texture.  Sediment  composition  was  about  99-percent  sand,  and  both 
granules  and  silt-clay  size  particles  contributed  less  than  1  percent. 

b.  Statistical  Properties.  Values  for  mean  grain  size,  standard  deviation, 
skewness,  and  kurtosis  classified  these  sediments  as  fine  sand  that  is 
moderately  well  to  well  sorted,  symmetrical  to  coarsely  skewed,  and  leptokurtic 
(sorted  better  in  the  center  than  at  the  ends  of  grain  size  distribution  curves) . 

c.  Carbon  Chemistry.  Total  carbon  content  of  base-line  samples  was  less 
than  0.30  percent.  Carbonate  carbon  contributed  somewhat  more  to  this  total 
than  organic  carbon,  indicating  that  most  carbon  occurred  in  the  form  of  shell 
fragments  rather  than  as  organic  deposits. 

For  station  1,  when  these  features  were  compared  to  control  and  experimental 
samples,  noteworthy  differences  appeared  only  in  experimental  samples. 
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Table  1.  Water  eaaparature  and  salinity  at  stations 
A  and  B  before  the  1974-75  dredging,  and 
at  station  1  before  and  after  the  1976 
dredging  for  beach  nourishment  at  Panama 
City  Beach,  Florida, 


Station 

Date 

Water 

Temp. 

(°C) 

Salinity 

(ppt) 

A 

1974 

18  Nov. 

21.0 

34.5 

B 

18  Nov. 

20.8 

34.3 

A 

1975 

20  Feb 

17.4 

34.4 

B 

20  Feb. 

17.5 

33.9 

A 

20  May 

26.2 

32.2 

B 

20  May 

26.0 

32.2 

A 

12  Aug. 

28.3 

26.2 

B 

12  Aug. 

28. 5 

26.1 

i 

(before) 

1976 

Apr. 

20.2 

33.3 

Kay 

20.2 

34.9 

June 

25.7 

32.3 

July 

28.0 

33.3 

Aug. 

27.0 

35.3 

Sept. 

27.8 

32.6 

Oct. 

24.9 

33.1 

Nov. 

18.0 

33.2 

One. 

12.5 

34.1 

1 

(after) 

1977 

Jan. 

12.4 

33.3 

Feb. 

9.0 

34.3 

Mar. 

14.3 

34.4 

Apr. 

22.4 

33.5 

May 

21.8 

34.3 

June 

25.7 

32.1 

July 

27.5 

33.6 

Aug. 

29.0 

35.3 

Sept. 

27.7 

32.6 

Oct. 

25.0 

33.1 

Nov. 

- 

Table  2,  Textural  and  statistical  properties  of  sediments  In  control 

(undredged  bottoa)  and  experimental  (borrow  pit)  samples  taken 
1  year  after  dredging  at  stations  1  to  6  along  the  9-netar 
depth  contour  off  Panama  City  Beach,  Florida,  July  1977 . _ 


Taxtural  1 

Statistical 

Station 

Granul* 

(.pet) 

Sand 
<pc t) , 

SUt-clay 

(pet) 

Mean  grain  else  Std.  dev. 
(phi)  (phi) 

Skeanene 

Kumitt 

1 

Control 

99.70 

0.30 

2.45 

0.43 

-0.19 

1.18 

Experiments! 

i 

98.64 

1.36 

!  2.50 

0.53 

-0.00 

1.39 

2 

Control 

99.65 

0,35 

2.45 

0.44 

-0.18 

1.15 

EJtparlaontal 

99.80 

0.20 

2.43 

0.48 

-0.19 

1.21 

3 

Control 

99.88 

0.12 

2.21 

0.62 

-0.32 

1.11 

Experimental 

0.92 

98.96 

0.11 

1.73 

1.06 

-0.46 

0.62 

4 

Control 

99.86 

0.14 

2.24 

0.61 

-0.31 

1.16 

Experimental 

0.08 

99.81 

O.U 

| 

2.01 

0.63 

-0.41 

0.95 

5 

Control 

99. B6 

0.14  1 

2.11 

0.59 

-0.33 

1.34 

Experimental 

99.86 

0.14 

2.26 

0.58 

-0.28 

1.11 

6 

Control 

0.34 

99.52 

0.14 

2.11 

0.76 

-0.40 

1.09 

Experimental 

0.14 

99.76 

0.11 

2.31 

0.61 

•0.34 

1.39 

The  particle-size  distribution  of  sand  was  below  99  percent  in  experimental 
samples  from  September,  October,  and  November  1976,  and  from  January,  June, 

July,  August,  and  September  1977.  The  lowest  level  (92  percent)  was  recorded 
in  September  1976.  Other  low  values  were  only  in  the  97-  to  98-percent  range. 
Granule-size  particles  were  consistently  under  1  percent,  but  11  experimental 
samples  contained  more  than  0.30-percent  silt-clay.  The  highest  value  for  the 
silt-clay  fraction  was  8.1  percent  in  a  sample  collected  on  21  September  1976. 
Values  of  more  than  1-percent  silt-clay  were  also  recorded  in  another  September 
sample  as  well  as  in  October  and  November  1976,  and  again  in  January,  June,  July, 
August,  and  September  1977. 

Mean  grain  size  for  experimental  samples  did  not  range  below  fine  sand. 
Sorting  categories  changed  for  two  experimental  samples.  In  the  September  1976 
sample,  sorting  was  only  moderate;  in  the  May  1977  sample,  it  proved  to  be 
extremely  poor.  For  skewness,  five  experimental  samples  exhibited  an 
uncharacteristic  trend  that  placed  them  in  classifications  of  fine  skewed  to 
strongly  fine  skewed.  The  single  sample  classified  as  strongly  fine  skewed  was 
obtained  in  September  1976;  the  others  were  collected  in  September  and  October 
1976,  and  August  and  September  1977.  Deviation  from  the  normal  leptokurtic 
condition  was  recorded  for  five  experimental  samples.  Values  corresponding  to 
mesokurtic  were  recorded  in  August  1976,  and  April  and  May  1977.  Values  in  the 
very  leptokurtic  range  were  recorded  in  January  and  June  1977. 

A  carbon  content  percentage  greater  than  the  base-line  average  was  recorded 
in  12  experimental  samples;  however,  this  number  of  samples  may  be  low  since  no 
carbon  analyses  were  made  after  the  June  1977  sampling.  The  highest  recorded 
value  was  2.32  percent  for  the  September  1976  sample.  Other  slightly  elevated 
values  ranged  between  0.31  and  1.21  percent.  Among  these  12  samples,  the  pro¬ 
portion  of  organic  carbon  to  carbonate  carbon  was  higher  for  carbonate  in  6 
samples,  higher  for  organic  in  5,  and  in  1,  the  ratio  was  nearly  even. 

Sediment  data  for  control  and  experimental  samples  collected  at  the  six 
stations  in  July  1977  has  been  tabulated  for  comparison  (Table  2).  These 
analyses  include  only  textural  and  statistical  properties;  no  information  on 
carbon  chemistry  was  available. 

At  the  six  stations,  granule-size  particles  were  present  in  only  four 
samples,  and  three  of  these  came  from  borrow  pits  at  stations  3,  4,  and  6.  The 
single  control  sample  containing  granules  also  came  from  station  6,  and  the 
overall  granule  distribution  was  under  1  percent.  Sand  content  was  about  99 
percent  in  all  collections.  For  the  silt-clay  fraction,  only  one  value  was 
considered  abnormally  high  and  that  was  recorded  for  the  experimental  sample 
from  station  1  (1.36  percent). 

With  the  one  exception  of  medium  sand  (station  3,  experimental),  all  samples 
fell  into  the  classification  of  fine  sand.  Calculations  for  sorting  showed  that 
9  of  12  samples  were  well  to  moderately  well  sorted.  Other  classifications 
included  moderately  sorted  (station  4,  experimental  and  station  6,  control)  and 


poorly  sorted  (station  3,  experimental).  Skewness  values  were  characteristic 
for  five  samples  (symmetrical  to  coarsely  skewed),  and  the  other  seven  samples 
fit  the  strongly  coarse-skewed  classification  and  were  about  equally  divided 
between  the  control  and  experimental  samples.  The  normal,  or  leptokurtic 
condition,  was  found  in  nine  samples.  Of  the  remaining  three,  the  experimental 
sample  from  station  4  and  the  control  sample  from  station  6  were  mesokurtic, 
while  the  experimental  sample  from  station  3  was  platykurtic. 

Although  sedimentological  conditions  in  some  experimental  samples  varied 
from  the  base-line  criteria  until  late  1977,  large  variations  were  confined  to 
borrow  pit  sediments  at  station  1  within  2  months  after  dredging.  During  that 
period,  properties  which  may  have  been  limiting  to  benthos  were  high  silt-clay 
and  organic  carbon  content. 

Diver  reports  between  18  August  (10  days  after  dredging)  and  4  October  1976, 
stated  that  the  station  1  borrow  pit  was  3  to  5  meters  deep  and  had  very  dark 
surface  sediments  of  an  extremely  soft,  silty  texture.  Initially  no  surface 
signs  of  benthic  life  (burrows,  mounds,  or  trails)  were  reported.  Within  the 
next  month,  sediments  had  become  firmer  and  sandier;  signs  of  infauna  activity 
were  conspicuous,  crabs  and  other  epibenthos  were  numerous,  and  a  variety  of 
fishes  was  observed.  After  12  months,  and  on  the  last  dive  at  station  1  in 
November  1977,  divers  concluded  that  borrow  pits  had  filled  to  within  a  meter 
of  surrounding  bottom,  and  that  sediments  inside  were  still  finer,  darker,  and 
less  compact  than  sediments  outside,  but  marine  life  appeared  similar  in  control 
and  experimental  areas. 

4.  Benthos. 

The  checklist  of  organisms  in  Appendix  B  contains  about  362  organisms  at 
the  species  level,  representing  14  invertebrate  phyla  and  the  vertebrate  class, 
Osteichthyes  (bony  fishes).  Of  this  number,  Annelida  had  152  species  (42  per¬ 
cent),  Arthropoda  had  108  (30  percent),  and  there  were  69  mollusks  (19  percent). 
The  remaining  33  species  (9  percent)  were  divided  among  11  groups:  Cnidaria, 
Platyhelminthes ,  Nemer tinea,  Nematoda,  Phoronida,  Brachiopoda,  Sipunculida, 
Echiurida,  Echinodermata ,  Hemichordata,  and  Cephalochordata. 

Species  counts  from  each  station  showed  a  total  of  58,068  individuals 
collected.  On  a  percentage  basis,  more  than  half  were  annelids  (55  percent), 

19  percent  were  mollusks,  18  percent  were  arthropods,  Cnidaria  and  Cephalochordata 
each  accounted  for  2  percent,  Nematoda  and  Echinodermata  both  had  1  percent, 
and  the  other  seven  groups  contained  2  percent,  collectively.  For  the  three 
major  phyla,  species  that  were  numerically  dominant  in  one  or  more  of  the  base¬ 
line  or  control  site  collections  are  given  in  Table  3. 

All  station  data  for  richness,  quantitative  abundance,  diversity  (H'),  and 
equitability  (J’)  were  tabulated  by  base-line,  control,  and  experimental  sample 
categories  (Tables  4,  5,  and  6).  Graphic  analyses  of  Morisita's  Index  and 
stability  are  given  in  Appendixes  D,  E,  and  F. 


Table  3 


Specie*  In  dominant  phyla  (Hated  alphabetically)  that  were 
numerically  abundant  at  on*  or  more  base-line  or  control 
atatlona  offahora  Panama  City  Beach,  Florida,  November  1974 
to  November  1977. 


MOLLUSCA 

Acteocina  condei 
CylichneHa  bidentala 
Diattoma  variant 
trvilta  concentriea 
Lepton  sp . 

Lucina  muiliUn.ata 

ANNELIDA 

Armandin  agilt* 

Armandiu  macufala 
Branta  wellfleetentit 
Ceratonertit  irritabitis 
Chon*  sp. 

Ditpio  uncinata 
Cl  aorta  lactea 
Glycera  americana 
Gontada  littorea 
Haplotooloplot  fo  lie  tut 
Lumbrinerit 
Lu/nbrineris  teriu*r- 
Lumbriiwru  letra-^, 
Magtlona  riojat 
Mage  Iona  sp. 

Mesochaetoplerite  &  <H  to  tus 

ARTHROPODA 

Aeon  I  ho  haul  tori  us  sp. 
Albunea  paretii 
Ampelieca  abdita 
Ampelisca  erritli 
Cyclaapit  variant 
Cycl aipit  sp. 

Crlchlhonius  sp. 
Lmpidactylus  sp. 


Nat  lea  pustlta 
Perlpkoma  marganluceum 
Filar  timptoni 
SlrlglUa  mlrabilit 
Tallin*  texana 
TelUna  versicolor 


Nsphlys  bucera 
Nephty*  plcta 
Onuphil  eremita  oculata 
Onuphit  nsbuiota 
Omenta  futiformis 
Paraonidet  lyra 
Paraeni*  fulgent 
Paraprionotpio  pinnata 
Prionotpio  crittata 
RuiUsrinereis  mexteana 
Soolelepit  lex  ana 
Scoloplot  armiger 
Spio  pattiboneae 
Spiophantt  bom  by  x 
Unidentified  Oligocheete 


Monoculodtt  sp. 
Oxyurnstyifs  smithi 
Procetta  hemphtlli 
Pnotohauttorius  sp. 
Pseudohaustorius  sp. 
Pseudoplatyischnopus  sp. 
Synchelidlum  sp. 
Unidentified  Ostracod 


Table  4.  Species  rlchnesa,  abundance,  diversity  (H'),  and  equltablllty 
( J ’ )  and  base-line  stations  offshore  Panama  City  Beach, 


Florida 

,  November 

1974  to 

July  1976. 

Station 

Ifete 

Replica tea 

Spec lea 

Individual a 

8' 

J’ 

per  aaaple 

per  ■* 

(No.) 

(No.) 

(No.) 

A 

Nov.  1974 

4 

15 

2,064 

1.9 

0.7 

Feb.  1975 

27 

3,006 

2.2 

0.7 

Nay  1975 

41 

4,784 

2.8 

0.8 

Aug.  1975 

43 

3,888 

3.1 

0.8 

Avg. 

32 

3,436 

2.5 

0.8 

Range 

15  to  43 

2,064  to  4,784 

1.9  to  3.1 

0.7  to  0.8 

B 

Nov.  1974 

4 

27 

3,808 

1.9 

0.6 

Feb.  1975 

26 

3,984 

2.3 

0.7 

my  1975 

28 

5,344 

2.3 

0.7 

Aug.  1975 

47 

5.248 

3.0 

0.8 

Avg. 

32 

4,596 

2.4 

0.7 

Range 

26  to  47 

3,808  to  5,344 

1.9  to  3.0 

0.6  to  0.8 

1 

Apr.  1976 

32 

67 

1,506 

2.5 

0.6 

June  1976 

36 

94 

1,902 

3.5 

0.8 

July  1976 

36 

120 

7,178 

3.1 

0.6 

Av*. 

94 

3,529 

3.0 

0.7 

Range 

67  to  120 

1,506  to  7,178 

2.5  to  3.5 

0*6  to  0.8 

Overall 

Avg. 

49 

3,883 

2.6 

0.7 

15  to  120 

1,506  to  7.178 

1.9  to  3.5 

0.6  to  0.8 

19 


Table  5.  Species  richness,  abundance,  diversity  (H'),  and 
equitability  (J’)  at  control  stations  offshore 


Panama  City  Beach,  Florida,  August  1976  to  November 
1977. 


Station 

Date 

Replicates 
per  saople 
(No.) 

Species  Individuals 

per  m2 

_  (No.)  (No.)  _ 

H' 

J' 

1 

10  Aug. 

1976 

16 

72  5,576 

2.4 

0.6 

18  Aug. 

1976 

80  5,500 

2.8 

0.6 

24  Aug . 

1976 

84  4,836 

2.9 

0.6 

1  Sept. 

.  1976 

74  3,080 

2.9 

0.7 

8  Sept. 

.  1976 

83  2,260 

3.4 

0.8 

21  Sept. 

.  1976 

89  3,128 

3.0 

0.7 

4  Oct. 

1976 

87  3,116 

3.3 

0.7 

18  Oct. 

1976 

77  3,912 

2.6 

0.6 

1  Nov. 

1976 

67  3,020 

2.6 

0.6 

1  Dec. 

1976 

74  3,080 

3.0 

0.7 

5  Jan. 

1977 

56  1,724 

3.0 

0.8 

2  Feb. 

1977 

53  1,516 

3.1 

0.8 

1  Mar. 

1977 

64  2,360 

3.1 

0.7 

1  Apr. 

1977 

57  2,632 

3.1 

0.8 

2  Hay 

1977 

55  2,572 

2.7 

0.7 

1  June 

1977 

55  1,976 

3.3 

0.8 

5  July 

1977 

64  3,264 

3.1 

0.7 

2  Aug. 

1977 

80  5,168 

3.0 

0.7 

1  Sept. 

1977 

70  3,572 

2.9 

0.7 

3  Oct. 

1977 

64  2,112 

2.8 

0.7 

1  Nov. 

1977 

72  2,904 

3.0 

0.7 

Avg. 

70  3,205 

3.0 

0.7 

Range 

53  to  89  1,515  to  5,576 

2.4  to  3.3 

0.6  to  0.8 

1 

11  Jul. 

1977 

40 

99  3,365 

3.2 

0.7 

2 

15  Jul. 

1977 

40 

112  3,750 

3.4 

0.7 

3 

25  Jul. 

1977 

40 

105  4,326 

3.2 

0.7 

4 

26  Jul. 

1977 

40 

74  4,050 

2.9 

0.7 

5 

27  Jul. 

1977 

40 

57  1,408 

3.0 

0.7 

6 

28  Jul. 

1977 

40 

66  2,483 

3.0 

0.7 

Avg. 

86  2,817 

3.1 

0.7 

Range 

57  to  112  1,408  to  4,326 

2.9  to  3.4 

0.6  to  0.8 

Overall 

Avg. 

74  3,119 

3.0 

0.7 

Range 

53  to  112  1,408  to  5,576 

2.4  to  3.4 

0.6  to  0.8 

20 


Table  6.  Species  richness,  abundance,  diversity  (H*),  and 

equitability  (J')  at  experimental  stations  offshore 


Panama  City  Beach,  Florida,  August  1976  to  November 
1977. 


Station 

Date 

Replicates 
per  sanple 

(No.) 

Species  Individuals 

per  a2 

(No.)  (No.) 

H' 

J' 

1 

10 

Aug. 

1976 

16 

20  324 

2.0 

0.7 

18 

Aug. 

1976 

38  976 

2.2 

0.6 

24 

Aug. 

1976 

60  2,136 

2.6 

0.6 

1 

Sept. 

1976 

38  1,612 

2.1 

0.6 

8 

Sept. 

1976 

47  1,344 

2.7 

0.7 

21 

Sept. 

1976 

45  924 

2.9 

0.8 

4 

Oct. 

1976 

85  2,440 

3.7 

0.8 

18 

Oct. 

1976 

46  1,124 

2.9 

0.8 

1 

Kov. 

1976 

55  2,044 

2.5 

0.6 

1 

Dec. 

1976 

54  3,540 

2.3 

0.6 

5 

Jan. 

1977 

36  2,192 

1.8 

0.5 

2 

peb. 

1977 

44  2,212 

1.9 

0.3 

1 

Her. 

1977 

62  3,732 

2.6 

0.6 

1 

Apr. 

1977 

52  3,144 

2.2 

0.6 

2 

May 

1977 

54  1,656 

2.8 

0.7 

1 

June 

1977 

69  3.256 

3.2 

0.8 

5 

July 

1977 

49  1,964 

2.7 

0.7 

2 

Aug. 

1977 

70  2,920 

3.2 

0.8 

1 

Sept. 

1977 

32  440 

2.9 

0.8 

3 

Oct. 

1977 

61  1,588 

3.1 

0.8 

1 

Mov. 

1977 

54  1,220 

2.9 

0.7 

Avg. 

51  1,942 

2.6 

0.7 

Range 

20  to  85  324  to  3,732 

1 

.8  to  3.7 

0. 

.5  to  0.8 

1 

11 

July 

1977 

40 

81  2,422 

2.9 

0.7 

2 

IS 

July 

1977 

40 

114  3,862 

3.5 

0.7 

3 

25 

July 

1977 

40 

98  4,037 

3.3 

0.7 

4 

26 

July 

1977 

40 

94  2,587 

3.4 

0.8 

5 

27 

July 

1977 

40 

80  2,644 

2.9 

0.7 

6 

28 

July 

1977 

40 

83  3,034 

3.4 

0.8 

Avg. 

92  3,101 

3.2 

0.7 

Range 

80  to  114  2,422  to  4,037 

2 

.9  to  3.5 

0. 

,7  to  0.8 

Overall 

Avg. 

60  2,200 

2.8 

0.7 

Range 

20  to  114  324  to  4,037 

1 

.8  to  3.7 

0. 

.5  to  0.8 

21 


a.  Richness.  The  data  from  base-line  and  control  samples  indicate  that 
species  richness  followed  an  irregular  seasonal  pattern.  Generally,  numbers 
of  species  were  lowest  in  a  period  between  late  fall  and  spring,  and  showed 
one  or  more  peaks  sometime  between  midsummer  and  late  fall. 

For  base-line  collections  (Table  4),  the  number  of  species  per  sample 
averaged  49  and  ranged  between  15  (November)  and  120  (July) .  The  average  for 
control  samples  was  74  and  ranged  between  53  (February)  and  112  (July).  Inter¬ 
mediate  values  were  recorded  for  experimental  samples.  In  these  collections, 
average  number  of  species  per  sample  was  60;  the  low,  which  was  only  20, 
occurred  in  the  first  collection  after  dredging;  the  high  was  114,  recorded  in 
July  1  year  later. 

On  a  date-to-date  comparison  at  station  1  and  stations  1  to  6,  richness 
data  for  control  and  experimental  samples  (Tables  5  and  6)  gave  somewhat 
conflicting  results.  For  time-sequence  samples  at  station  1,  richness  data 
showed  incomplete  borrow  pit  recovery  as  numbers  of  species  prove  to  be 
consistently  higher  for  controls  on  every  occasion  except  1  June  1977.  This 
was  reflected  in  the  average  of  70  and  the  range  between  53  and  89  for  control 
samples,  as  opposed  to  an  average  of  51  and  a  range  of  20  to  85  for  experimental 
samples.  Even  so,  a  degree  of  recovery  was  evident  at  station  1  a  few  weeks 
after  dredging,  and  richness  data  for  control  and  experimental  samples  first 
approximated  one  another  by  October  1976.  Species  recorded  in  the  early  stages 
of  recovery  at  station  1  are  of  special  interest  because  they  include  survivors, 
migrators,  and  perhaps  the  first  recruits  (Table  7). 

Contrary  to  indications  of  the  incomplete  recovery  discussed  above,  results 
for  richness  in  the  one-time  sampling  at  stations  1  to  6  showed  that  borrow  pits 
generally  supported  more  species  than  undredged  bottom  at  1  year.  This  was  true 
for  stations  2,  4,  5,  and  6.  Findings  at  station  1  were  contradictory,  and  at 
station  3,  species  in  experimental  collections  were  outnumbered  by  those  in 
control  collections.  The  number  of  species  in  control  samples  averaged  86  and 
ranged  between  57  and  112;  the  number  for  experimental  samples  was  higher  with 
an  average  of  92  and  a  range  between  80  and  114. 

Even  though  richness  data  are  somewhat  inconsistent,  overall  they  indicate 
that  faunal  recovery  began  rapidly  and  was  virtually  complete  throughout  the 
study  area  in  about  1  year.  Data  from  the  one-time  sampling  at  six  stations 
support  this  statement  to  a  greater  degree  than  those  from  regular  time-sequence 
samples  at  station  1. 

b.  Abundance.  Except  for  a  few  anomalies,  seasonal  cycles  of  faunal 
abundance  coincided  with  periods  of  low  and  high  species  diversity,  i.e. ,  fewer 
animals  were  recorded  in  winter  collections,  and  peak  numbers  generally  occurred 
at  various  times  between  March  and  December.  In  base-line  samples,  numbers  of 
Individuals  per  square  meter  of  bottom  averaged  3,883  and  ranged  from  1,506 
(April)  to  7,178  (July).  The  average  for  control  samples  was  3,119,  with  a 
range  betwen  1,408  (July)  and  5,576  (August).  Experimental  samples  had  an 
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Table  7.  Species  and  their  frequency  of  occurrence  in  the  first  3  weeks  after 

dredging  at  station  1  offshore  Panama  City  Beach,  Florida,  August  1976. 
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average  of  2,200,  with  a  range  between  324  (immediately  after  dredging),  and 
4,037  1  year  following  dredging. 

Results  of  periodic  sampling  at  station  1  showed  that  numbers  of  individuals 
within  the  borrow  pit  first  reached  control  sample  abundance  in  December  1976, 
or  about  3  months  after  dredging  had  been  completed.  From  that  time  through  the 
next  four  sampling  periods,  individuals  in  experimental  samples  were  more 
numerous  than  in  control  samples.  In  May,  abundance  values  were  reversed,  then 
again  favored  the  experimental  sample  in  June  but  remained  higher  in  controls 
until  collecting  terminated  in  November  1977.  Thus,  a  pattern  of  abundance 
indicative  of  faunal  recovery  within  3  months  did  not  occur  the  following  sum¬ 
mer  and  fall  seasons. 

At  stations  1  to  6,  one-time  sampling  in  July  neither  confirmed  nor  refuted 
evidence  of  recovery  from  time-sequence  sampling  at  station  1.  Numbers  of 
individuals  were  higher  in  control  samples  at  stations  1,  3,  and  4,  while 
abundance  values  were  higher  in  experimental  samples  at  stations  2,  3,  and  6. 

A  comparison  of  averages  and  ranges  showed  that  the  average  number  of  individuals 
per  square  meter  was  higher  for  experimental  samples.  The  low  for  experimental 
collections  was  well  above  that  of  control  samples,  and  the  high  for  experimental 
samples  was  comparable  to  the  high  for  control  samples.  In  summary,  abundance 
values  demonstrated  rapid  initial  faunal  recovery  in  the  borrow  pits  that  was 
practically  complete  after  about  12  months. 

c.  Diversity  (H1)  and  Equitability  (J*).  For  comparable  pairs  of  control 
and  experimental  samples,  species  richness  and  abundance  data  were  converted 
statistically  to  provide  an  index  of  diversity  (H')  that  was  used  to  numerically 
determine  degrees  of  difference  between  faunal  communities  in  undredged  bottom 
and  borrow  pits.  Observed  differences  were  validated  for  each  sample  set  by 
calculating  equitability  (J'),  which  is  a  mathematical  measurement  of  how  evenly 
organisms  in  a  sample  are  divided  among  the  various  species  represented  (Pielou, 
1975).  Used  in  combination,  values  of  H'  and  J'  for  base-line  and  control  samples 
were  regarded  normal.  For  experimental  samples,  lesser  values  of  H'  and  J'  were 
attributed  to  dredging  effects,  and  equal  or  higher  values  were  considered 
evidence  of  faunal  recovery.  In  base-line  samples,  values  for  both  parameters 
were  slightly  higher  in  summer  months,  but  control  samples  at  station  1  showed  no 
seasonal  trend. 

Average  values  for  H'  and  J'  in  base-line  samples  were  2.6  and  0.7 
respectively,  with  H'  ranging  from  1.9  to  3.5  and  J'  ranging  from  0.6  to  0.8. 
Average  H'  in  control  samples  was  a  little  higher  than  base-line  but  J'  was  the 
same  and  ranges  of  both  were  within  base-line  limits.  Among  experimental 
collections,  average  H'  was  2.8  and  ranged  between  1.8  and  3.7.  The  average  for 
J'  was  the  same  as  for  base-line  and  control  samples,  but  the  low  was  0.5  and  the 
high  was  0.8.  Lowest  values  for  H’  and  J’  were  recorded  in  January  and  February, 
and  may  have  been  a  result  of  low  water  temperature  as  well  as  dredging. 

When  H'  and  J'  values  for  control  and  experimental  samples  taken  on  the  same 
data  were  compared,  the  results  showed  little  regularity.  In  the  series  from 


24 


station  1,  the  first  experimental  sample  to  equal  or  surpass  control  values  of 
H'  and  J'  was  collected  in  October,  about  2  months  after  dredging.  From  that 
time  until  November  of  the  next  year,  only  5  of  14  experimental  samples  showed 
evidence  of  faunal  recovery.  Recovery  was  demonstrated  somewhat  better  by  H' 
and  J'  data  from  the  six  stations  sampled  in  July  1977.  At  four  borrow  pit 
stations,  experimental  samples  had  the  same  or  higher  diversity  and  equitability 
values  than  control  samples.  Also,  average  H*  for  experimental  samples  was 
higher  than  that  for  control  samples,  and  averages  of  J'  were  the  same  inside  and 
outside  borrow  pits. 

A  review  of  diversity  and  equitability  results  suggests  the  following: 

(1)  the  benthos  off  Panama  City  Beach  exhibited  an  annual  cycle  in  which  species 
diversity  and  abundance  were  greater  in  warm  water  months  than  in  winter;  (2) 
faunal  recovery  in  the  borrow  pit  at  station  1  was  evident  to  a  considerable 
degree  within  2  to  3  months  after  dredging,  and  became  nearly  complete  by  the 
end  of  sampling  in  November  1977;  and  (3)  faunal  recovery  also  occurred  within 
1  year  of  dredging  in  at  least  half  of  the  six  borrow  pits  sampled.  To  further 
test  these  inferences,  sets  of  biotic  data  from  control  and  experimental  samples 
were  evaluated  using  Morisita's  index  of  faunal  similarity  and  stability  analyses. 
Morisita's  index  was  first  used  to  develop  similarity  matrices  (App.  D) ,  and  then 
to  perform  a  classification  analysis  that  arranged  control  and  experimental 
samples  in  the  form  of  a  dendrogram  according  to  their  various  degrees  of  likeness 
(App.  E) .  Two  stability  analyses  were  made  (App.  F) .  The  first  shows  the  amount 
of  sample  variation  among  the  control  and  experimental  samples  when  compared  to 
the  centroid  of  the  statistical  faunal  cluster  calculated  from  all  base-line  and 
control  data.  The  second  shows  time  to  faunal  recovery  by  plotting  experimental 
sample  data  against  the  nearest  mathematical  edge  of  the  same  statistical  cluster. 

d.  Morisita's  Index.  Similarity  matrices  were  calculated  and  dirr?i*yed  for 
time-sequence  samples  from  station  1,  and  for  one-time  colJ^tri ^ns  at  stations  1 
to  6  (App.  D).  A  regular  pattern  of  light  cells  (no  similarity)  and  dark  cells 
(high  similarity)  was  not  evident  because  45  percent  or  more  of  station-to- 
station  comparisons  in  both  values  had  faunal  overlap  of  at  least  50  percent. 

For  additional  clarification,  the  same  data  were  used  to  generate  a  classification 
analysis  for  presentation  as  a  cluster  diagram  (App.  E).  In  performing  the 
necessary  calculations,  a  Q-mode  (normal)  analysis  was  made  to  show  faunal 
relationships  on  a  station-to-station  basis;  no  data  transformations  were  made 
because  doing  so  would  obscure  the  dominant  ranking  of  any  faunal  elements  in 
the  samples;  and  group  averaging  was  selected  as  the  sorting  strategy. 

For  time-sequence  samples,  the  first  five  (1  September  1977-experimental  to 
10  August  1976-experimental)  show  very  little  similarity  to  any  other  samples 
and  were  therefore  considered  unrelated,  or  outliers.  These  outliers  include 
two  summer-fall  experimental  samples  taken  1  year  after  dredging,  two  similar 
winter  collections  taken  about  6  months  after  dredging,  and  the  first  experimental 
sample  taken  a  few  days  after  the  dredging.  The  interpretation  here  is  that  the 
two  experimental  samples  1  year  after  dredging  are  as  unrelated  to  other  samples 
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as  the  one  taken  immediately  after  dredging  and  the  two  taken  in  winter  during 
the  presumed  period  of  least  faunal  diversity  and  abundance. 

The  next  group  is  the  first  cluster  and  has  five  samples  (1  April  1977- 
experimental  to  2  May  1977-experimental) .  These  are  related  by  season  (spring), 
and  consist  of  a  base-line  sample  and  control  and  experimental  samples  collected 
8  to  9  months  after  dredging.  This  mixture,  and  close  correspondence  between 
control  and  experimental  samples  suggests  that  community  recovery  has  occurred 
within  the  borrow  pit  at  station  1. 

Then  there  is  a  single,  odd  sample  with  no  close  associates  (1  November  1977- 
experimental)  ,  followed  by  the  second  cluster  which  contains  eight  samples 
(4  October  1976-experimental  to  3  October  1977-experimental).  Except  for  the 
two  control  samples,  this  group  represents  the  experimental  samples  in  the  fall 
during  the  first  3  months  after  dredging. 

Cluster  three  is  considered  the  opposite  of  cluster  two.  It  has  seven 
samples  (10  August  1976-control  to  2  August  1977-control);  five  are  post-dredging 
late  summer  and  fall  control  samples;  one  a  preconstruction  control  sample  from 
July;  and  one  a  winter  experimental  sample. 

Cluster  four  is  the  largest  grouping  and  contains  the  next  15  samples  (1 
September  1977-control  to  1  November  1977-control);  8  of  these  are  fall  control 
samples  and  closely  associated  with  experimental  samples  taken  as  soon  as  2 
weeks  after  dredging,  as  well  as  in  various  other  months.  Here,  the  indication 
is  that  recovery  at  station  1  began  very  quickly  after  dredging. 

The  fifth  and  last  cluster  contains  six  samples  (1  June  1977-control  to 
11  July  1977-experimental),  which  air.  equally  divided  among  summer  control  and 
experimental  samples  taken  about  1  year  after  dredging.  Similarities  between 
clusters  one  and  five  provide  substantial  evidence  of  faural  recovery  over  a 
postconstruction  period  of  8  to  11  months. 

For  the  one-time  sampling  at  six  stations,  control  and  experimental 
collections  all  show  a  high  level  of  faunal  affinity  and  therefore  support 
cluster  data  from  station  1  showing  a  recovery  time  of  1  year  or  less.  At  the 
time  these  samples  were  taken,  the  diagram  shows  that  station  location  east  to 
west  along  the  coast  was  a  greater  clustering  factor  than  whether  or  not  a 
sample  came  from  a  dredged  or  undredged  bottom.  This  is  not  surprising 
considering  the  daily  discharge  of  estuarine  water  through  West  Pass  and  into 
nearshore  waters  at  the  eastern  end  of  the  study  area. 

e.  Stability  Analyses.  In  the  first  analysis,  control  and  experimental 
samples  are  represented  along  the  x-axis  according  to  the  number  of  days  before 
and  after  dredging  (see  App.  F) .  The  y-axis  is  a  scale  of  increasing  distance 
from  a  statistically  determined  centroid,  or  midpoint  within  a  community  clus¬ 
ter  represented  mathematically  and  calculated  from  all  available  base-line  and 
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control  data.  This  graph  shows  a  large  variation  occurring  in  control  and 
experimental  samples,  and  at  corresponding  times,  both  appear  about  equally 
distant  from  the  centroid — distance  to  maximum  community  stability.  In  other 
words,  control  samples  did  not  show  close  connections  to  the  centroid,  nor 
did  they  follow  a  seasonal  or  any  other  discernible  pattern  in  relation  to 
that  point.  Likewise,  experimental  samples  showed  no  definite  postconstruction 
deviation  from  the  centroid,  and  followed  no  subsequent  trend  that  might  have 
indicated  recovery.  In  fact,  when  respective  sample  distances  from  the  centroid 
were  compared  in  a  Mann-Whitney  U-Test,  it  was  found  that  variations  among 
control  and  experimental  samples  were  statistically  indistinguishable.  The  point 
emphasized  by  this  analysis  is  that  faunal  variation  was  a  major  feature  of  both 
control  and  experimental  samples. 

In  the  second  graph,  the  y-axis  scale  (labeled  distance  to  cluster  edge) 
refers  to  the  edge  of  the  statistical  community  (to  a  95-percent  confidence 
level)  that  has  the  centroid  as  its  midpoint  (App.  F) .  The  zero  point  on  the 
scale  represents  the  nearest  edge  of  the  community,  higher  positive  values  are 
increasing  distances  from  the  edge,  and  negative  values  show  that  the  experimental 
sample  falls  inside  the  cluster  about  the  centroid  and  cannot  be  statistically 
separated  from  it.  Experimental  samples  along  the  x-axis  are  arranged  by  day 
number  in  postdredging  sequence.  The  x-y  plots  show  that  an  experimental  sample 
first  touched  the  edge  of  the  centroid  cluster  on  day  332  (5  July  1977),  about 
11  months  after  dredging  was  completed  at  station  1.  This  intersection  of  an 
experimental  sample  with  the  zero  line  represents  time  to  faunal  recovery. 

However,  in  several  later  samples,  the  plot  again  falls  outside  the  cluster  edge, 
and  does  not  return  until  October,  14  months  after  dredging  and  1  month  before 
sampling  ended.  This  situation  may  be  due  to  normal  sample  variation. 

VI.  CONCLUSIONS  AND  DISCUSSION 

Study  results  indicate  several  general  conclusions  related  to  hydrology, 
sediments,  and  benthic  fauna  Of  borrow  pits  and  undredged  adjacent  bottom. 
Hydrological  measurements  included  temperature  and  salinity,  recorded  quarterly 
at  stations  A  and  B  in  1974  and  1975,  and  monthly  at  station  1  during  a  20-month 
period  between  April  1976  and  November  1977.  Temperature  data  showed  that 
regular  seasonal  changes  are  subject  to  rather  wide  year-to-year  variations. 

Summer  temperature  was  the  most  consistent,  but  in  spring,  fall,  and  winter, 
observed  yearly  differences  were  on  the  order  of  10°  Celsius.  In  part, 
fluctuations  of  this  magnitude  could  conceivably  mediate  events  responsible 
for  changes  in  benthic  diversity  and  abundance  recorded  in  base-line,  control, 
and  experimental  samples. 

Salinity  was  characteristically  high  (above  32  parts  per  thousand);  however, 
a  low  value  of  26  parts  per  thousand,  recorded  in  August  1975,  showed  that  the 
study  area  may  at  times  be  influenced  by  estuarine  water  masses  from  St.  Andrew 
Bay  and  perhaps  other  areas  as  well  (Salsman  and  Ciesluk,  1978).  As  with 
temperature,  such  periodic  change  could  be  translated  into  adjustments  in 
community  structure.  In  the  case  of  salinity,  however,  the  effects  might  be 
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more  than  physiological,  as  foreign  water  masses  would  undoubtedly  introduce 
a  variety  of  immigrant  organisms  and  potential  community  recruits. 

A  comparison  of  sediments  from  undredged  bottom  and  borrow  pits  showed 
that  most  deviations  from  normal  properties  appeared  in  experimental  samples. 

Major  sedimentological  differences  could  be  identified  due  to  accumulation  of 
loosely  packed,  darker,  and  siltier  sediments  in  the  pits  shortly  after  dredging. 
These  distinctions  became  more  subtle  with  time,  and  by  the  following  year,  the 
surface  samples  (in  nearly  filled  pits)  were  very  similar  to  sediments  on  the 
adjacent  undisturbed  sea  floor.  When  compared  to  base-line  samples,  specific 
differences  included  the  following:  (1)  lower  sand  content,  (2)  higher  silt- 
clay  content,  (3)  poorer  sorting,  (4)  more  finely  skewed,  (5)  more  variation 
in  both  directions  from  a  leptokurtic  condition,  and  (6)  higher  content  of 
organic  carbon. 

In  the  borrow  pit  at  station  1,  altered  sediment  texture  was  confirmed  by 
divers,  and  bathymetric  changes  were  recorded  over  time.  Depth  of  the  cut  was 
3  to  5  meters  below  the  sea  floor,  and  sediment  at  the  bottom  initially  appeared 
dark,  soft,  and  silty.  Within  a  few  months  this  material  was  covered  by  fine 
sand.  By  the  end  of  sampling  in  November  1977,  the  pit  had  filled  to  within  a 
meter  of  the  surrounding  bottom.  A  final  visual  impression  was  that  sediments 
were  still  finer  and  darker,  but  no  distinction  could  be  made  between  epibenthic 
and  pelagic  marine  life  inside  and  outside  the  borrow  pit. 

Dredging  caused  an  immediate  decline  in  the  bottom  community  followed  by  a 
rapid  postconstruction  recovery  that  was  virtually  complete  after  1  year.  This, 
or  even  a  shorter  recovery  period  of  8  to  9  months,  was  supported  by  analyses 
that  included:  (1)  species  richness,  (2)  abundance  of  individuals,  (3)  diversity 
and  equitability  indexes,  (4)  Morisita's  index  of  faunal  similarity,  and  (5) 
stability  analyses.  It  is  important  to  again  note  that  sampling  beyond  1  year 
indicated  lack  of  complete  faunal  recovery.  This  may  be  true,  or  these  samples 
may  merely  be  representative  of  large  natural*  environmental  variations  that 
were  shown  to  be  an  inherent  characteristic  of  the  shallow  coastal  system  off 
Panama  City  Beach. 

On  the  basis  of  data  presented  here,  and  complementary  studies  by  Saloman 
(1976)  and  Culter  and  Mahadevan  (1982),  it  is  evident  that  dredging  done  at 
Panama  City  Beach  has  had  no  adverse  long-term  effect  on  bottom  dwelling 
invertebrates,  sediments,  or  water  quality  either  along  the  shore  or  in  offshore 
borrow  areas.  Short-term  ecological  consequences  of  dredging  were  shown  to  last 
only  about  1  year,  and  included  only  minor  sedimentological  changes  and  only  a 
small  decline  in  diversity  and  abundance  among  bottom  dwelling  invertebrates. 

This  lack  of  evident  protracted  environmental  alteration  is  due  to  factors 
related  to  physical  and  biological  oceanography  within  the  dredging  and  disposal 
areas,  and  to  certain  engineering  features  of  the  beach  restoration  project.  The 
natural  factors  would  include  the  following  regional  characteristics:  (1)  moderate 
to  high  wave  energy  capable  of  eroding  and  transporting  large  volumes  of  sediment 
annually,  (2)  tidal,  longshore,  offshore,  and  storm  generated  currents  that  have 


28 


the  same,  or  greater,  capability  of  transporting  nearshore  sediments,  (3)  a 
geographic  location  that  is  regularly  influenced  by  water  masses  and  marine 
life  of  estuarine,  coastal,  and  oceanic  origins,  (4)  a  native  infauna  that 
is  diversified,  abundant,  and  well  adapted  to  substrate  disruption  and 
movement,  and  (5)  a  fauna  that  is  composed  of  subtropical  and  temperate 
species  whose  active  reproductive  periods  are  limited  by  low  water 
temperatures  normally  recorded  in  only  1  or  2  winter  months. 

As  for  features  of  the  dredging  project,  numerous  small  borrow  areas  were 
used,  instead  of  fewer  larger  ones,  and  they  were  dredged  only  to  a  depth  of 
about  5  meters  or  less.  At  this  level,  no  strata  of  silt,  clay,  or  rock  were 
uncovered  so  that  sediment  type  in  dredged  areas  remained  very  much  like 
sediment  in  undredged  areas.  Also,  dredging  occurred  in  fairly  shallow  water 
where  sediment  transport  supplied  the  volume  of  sand  required  to  rapidly  fill 
the  borrow  pits.  In  this  connection,  it  is  important  to  mention  that  because 
of  their  fast  filling  rate,  and  the  normally  low  concentration  of  suspended 
solids  in  overlying  water,  no  biologically  detrimental  quantities  of  silt  and 
clay  size  particles  accumulated  in  borrow  areas  off  Panama  City  Beach.  If 
anything,  during  the  recovery  period,  data  support  the  theory  that  within 
borrow  pits  a  relative  decrease  in  turbulence  and  a  slight  increase  in  organic 
deposits  may  have  been  responsible  for  figures  showing  a  higher  diversity  and 
abundance  of  infauna  in  some  dredged  areas  compared  to  figures  for  bottom  left 
undisturbed. 

In  general,  results  of  coastal  restoration  studies  at  Panama  City  Beach 
agree  with  findings  for  similar  projects  in  comparable  surroundings  (Thompson, 
1973),  and  along  with  more  recent  work  (Turbeville  and  Marsh,  1982),  provide 
additional  information  that  can  be  used  both  locally  and  elsewhere  to  more 
accurately  predict  and  evaluate  environmental  effects  of  beach  nourishment 
operations.  Nevertheless,  since  each  coastal  and  estuarine  area  has  certain 
unique  features,  it  is  important  to  continue  a  close  association  between 
ecological  research  and  coastal  engineering.  Ideally,  the  research  should  be 
conducted  to  collect  base-line  data,  proceed  during  all  phases  of  construction, 
and  continue  after  project  completion  for  a  sufficient  period  of  time  to  obtain 
short-term  (1  year)  and  long-term  data  (2  years  or  longer).  In  all  instances 
major  research  emphasis  should  at  least  include:  (1)  factors  related  to 
geographic  and  meteorological  conditions,  (2)  sedimentology ,  (3)  water  quality, 
(4)  hydrodynamics,  (5)  resident  and  migratory  biota  at  the  bottom  and  throughout 
the  water  column,  (6)  interactions  between  biotic  and  abiotic  elements,  and  (7) 
socioeconomic  circumstances.  By  using  such  a  research-oriented  approach  in 
future  engineering  projects,  many  important  coastal  resources  could  be  protected, 
or  even  enhanced,  and  most  environmental  problem  areas  would  be  identified  and 
avoided. 
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APPENDIX  A 

HYDROLOGICAL  AND  SEDIMENT  DATA  BY  STATION 

Hydrological  and  sedimentological  data,  by  station  and  date,  for  offshore 
stations  (9-meter  depth)  before  and  after  dredging — beach  restoration 
project,  Panama  City  Beach,  Florida  (November  1974  to  November  1977). 
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HYOnrLC  -.ICAL  AND  SEDIMENTOLC3ICAL  DATA,  37  STATION  AMO  DATE.  FOR 
OFFSHORE  STATIONS  130-FOGT  DEPTH)  BEFORE  ANO  AFTER  DREDGING  - 
BEACH  RESTORATION  PROJECT,  PANAMA  CITY  BEACH,  FLCRIOA  ( NOVEMBER 
197*  TO  NOVEMBER  1977). 
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TREASURE  ISLAND  MOTEL  (STATION  It  -  CONTROL  t  EXPERIMENTAL 


PARAMETERS 


HATE  - 


mg 


HYDROLOGICAL 

SALTniT?  ,53/0 

35.280 

35. 280 

MATER  TEMP..  C 

27.000 

27.000 

SEDIMENT 

StANlOi  MT.X 

SAND 

99. 656 

SILT 

CLAY 

0*144 

mean  grain  size.  • 

2*461 

ST.  DEVIATION.  § 

0. 41  I 

SKEWNESS 

-0.137 

KURTOSIS 

I.Ot  7 

T.  CARBON,  KT.X 

0*34  7 

T.  ORGANIC  C 

0.336 

T.  CARBONATE  C 

0*01  t 

TREASURE  ISLAND  'MOTEL  (STATION  1)  -  CONTROL  t  EXPERIMENTAL 


eAsa^eisaa. 


DATE  r _  EXPERIMENTAL 


alQfiOLQSiSAL 
SALINITY  "35/0 
MATER  TEMP..  C 


35.280 

27.000 


35. 2 SO 
27.000 


SttSEK 


SAND 

SILT 

CLAY 


MT.X 


0.271 
99.419 
0.31  I 


MEAN  GRAIN  SIZE.  •  2.493 

ST.  DEVIATION.  »  0.330 

SKCWNESS  -0.067 

KURT  OS  I  S  1.436 


T.  CARDON.  MT.X 
T.  ORGANIC  C 
T.  CARBONATE  C 


0.308 

0.300 

0.006 


TREASURE  I  SLANO  MOTEL  (STATION  I  >  -  CONTROL  t  EXPERIMENTAL 


PARAMETERS 


HYDROLOGICAL 

sIlTmTTyToo/0 

MATER  TEMP..  C 


35.280 

27.000 


35.200 

27.000 


SEDIMENT 

graRoceT  MT.X 

SAND 


0.063 

99.634 

0.303 


MEAN  GRAIN  SIZE.  6 
ST.  DEVIATION,  t 
SKEMNESS 
KURTOSIS 


2. SOI 
0.4S0 
0.024 
1.209 


T.  CARBON.  MT.X 
T.  ORGANIC  C 
T.  CARBONATE  C 


0.301 

0.177 

0.104 


TREASURE  I  SL  ANO  MOTEL  (STATION  1» 


CONTROL  £  EX PER I MENTAL 


PARAMETERS 


aais 


salinity  *  5o/0 

32.610 

32.610 

MATER  TEMP..  C 

27.800 

27.800 

SEDIMENT 

gAanjle.  MT*X 

0.187 

SANO 

99  .672 

97.106 

SILT 

0.141 

2.692 

CLAY 

MEAN  GRAIN  SIZE.  € 

2.323 

2.747 

ST.  DEVIATION.  6 

0.558 

0.587 

SXEVNES5 

-0 .281 

0.285 

kurtosi s 

1.189 

1.115 

T.  CARBON*  YT.X 

0.348 

1.123 

T.  ORGANIC  C 

0.  1  00 

0.039 

T.  CARBONATE  C 

0.248 

1.064 

TREASURE  ISLAND  MOTEL  (STATION  1)  -  CONTROL  C  EXPERIMENTAL 


PARAMETERS 


mmws,  o 

■ATEN  TEMP..  C 


32.610 

27.800 


32.610 

2T.80P 


mm 


SANO 

CLAY 


■T.X 


99.776 

0.224 


MEAN  GW  A  I  N  SIZE.  I  2. SOS 

ST.  DEVIATION.  8  0.507 

SKEWNESS  -0.013 

KUWT3SIS  I.3A8 


T.  CARBON.  WT.X 
T.  ORGANIC  C 
T.  CARBONATE  C 


0.302 

0.257 

0.045 


TREASURE  ISLANO  HOTEL  (STATION  l)  -  CONTROL  t  EXPERIMENTAL 


PARAMETERS 


MY PROLOG I CAL 

salinTtyToo/o 

■A TER  TEMP..  C 


SANO 

SILT 

CLAY 


a. 

a_ 


32.610 

27.800 


32.610 

27.600 


91.896 
6.  104 


MEAN  GRAIN  SIZE.  8 
ST.  DEVIATION.  8 
SKEWNESS 
KURTOSIS 


2.635 

0.736 

0.340 

1.070 


T.  CARBON,  WT.X 
T.  ORGANIC  C 
T.  CARBONATE  C 


2.31 

0.462 

1.886 
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TREASURE  ISLAND  HOTEL  (STATION  tl 


CONTROL  t  EXPERT RENTAL 


PARAMETERS 


MJS-=i  &82£ 


HYDROLOGICAL 

saCTnit?.  8o/o 

MATER  TEMP.*  C 


3?l060 

24.900 


33.060 

24.900 


SEDIMENT 
GRANULE • 
SANO 
SILT 
CLAY 


MT.S 


0.092 

99.626 

0.283 


MEAN  GRAIN  SIZE.  0  2.452 
ST.  DEVIATION.  9  0.481 
SKE*NESS  -0.165 
KJRT3SIS  1.202 


T.  CARBON*  WT.X  0.281 
T.  CRGANIC  C  0.187 
T.  CARBONATE  C  0.094 


TREASURE  ISLANO  MOTEL  (STATION  l )  -  CONTROL  t  EXPERIMENTAL 


PARAMETERS 


ggjdggfc 


aAii 


3Il?nWt \C$&/0  33.060 

33.060 

HATER  TEMP..  C  24.900 

24.900 

SEDIMENT 

granule.  HT.X 

SANO 

98.61 1 

SILT 

1  .389 

CLAY 

MEAN  GRAIN  SIZE.  . 

2.536 

ST.  DEVIATION.  • 

0.41  I 

SKEMNESS 

O.ISS 

KURT OS IS 

I  .  060 

T.  CARBON.  HT.X 

0.  722 

T.  ORGANIC  C 

O.TOO 

T.  CARBONATE  C 

0.07  2 

TREASURE  ISLANO  MOTEL  (STATION  It  -  CONTROL  6  EXPERIMENTAL 


»ARAMETERa 


PATE  = 


CONTROL 

I  1/1  /7A 


SAtlNtTV.  00/0  33.1  TO 

33.170 

HATER  TEMP..  C  IS. 000 

IB. 000 

SEDIMENT 

granOcFT  ht.x 

O.IOS 

SANO 

96.76* 

SILT 

1  .123 

CLAY 

MEAN  GRAIN  SIZE.  • 

2.507 

ST.  DEVIATION.  » 

0.936 

SKEWNESS 

-0.0A2 

KURTOSIS 

1.492 

T.  CARBON.  HT.X 

0.919 

T.  ORGANIC  C 

0.316 

T.  CARBONATE  C 

0.203 
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treasure  island  motel  (station  ij 


CONTPOL  t  EXPERIMENTAL 


PARAMETERS 

DATE  -  CONTROL 

■hmmi  Mi  roi-  *sWSH 

iflniBn  Hi  mz 

gewropft/o 

34.060 

34.000 

MATER  TEMP..  C 

12.S00 

I 2.500 

SEDIMENT 
granule;  »T.S 

0.092 

SAND 

99.076 

99.006 

SILT 

0.124 

0.062 

CLAY 

M€AN  GRAIN  SUE.  0 

2.300 

2.S24 

ST.  DEVIATION,  t 

0.577 

0.471 

SKEMNESS 

-0.267 

0.074 

KURTOSIS 

1.110 

1.229 

T •  CARQON.  NT  *  X 

0.2TS 

0.499 

T.  ORGANIC  C 

0.060 

0.110 

T.  CARBONATE  C 

0.215 

0.399 

TREASURE 

PARAMETERS 

ISLAND  MOTEL  (STATION  11 

DATE  -  CONTRCL 

-  CONTROL  6  EXPERIMENTAL 

QATE_—  EXPER I MENTAL 

mmmmmmm  r a-  **  * 

HYDROLOGICAL 

saCT nTty  7  oo/o 

33.280 

33.280 

WATER  TEMP*.  C 

12.400 

12.400 

ilUffin.. 

0.437 

SANO 

97.222 

SILT 

2.341 

CLAY 

MEAN  GRAIN  SIZE.  0 

2.518 

ST.  DEVIATION.  0 

0.  397 

SKEMNESS 

-0.037 

KURTOSIS 

1.664 

T.  CARBON,  MT.S 

0.919 

T.  ORGANIC  C 

0.327 

T.  CARBONATE  C 

0.392 

TREASURE  ISLAND  MOTEL  (STATION  I)  -  CONTROL  L  EXPERIMENTAL 


e*a>3Euaa. 


IBWWWHb/, 

rater  temp.,  c 


3*.  330 
9.000 


aaxg—  E^e|^yetaAu 

3*. 330 
9.000 


SEDIMENT 

CWButcf 


SANO 

SILT 

CLAY 


■  T.S 


0.009 

99.701 

0.219 


MEAN  GRAIN  SIZE,  ff 
ST.  3EY  I  AT  ION.  0 
SKEMNESS 
KURTOSIS 


2.499 

0.406 

-0.030 

1.299 


T.  CARSON,  «T.S 
T.  ORGANIC  C 
T.  CARBONATE  C 


0.313 

0.290 

0.017 
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attiiUMS 


TREASURE  ISLAND  MOTEL  (STATION  t  >  -  CONTROL  L  EXPERIMENTAL 

_ PATE  _ PATE--  Ejftftflpil&L 


MW/O 

mater  temp.,  c 


34.440 

14.300 


34.440 

14.300 


MH? 


SANO 

silt 

CLAY 


MT.X 


0.6S2 

99.265 

0.0S4 


MEAN  GRAIN  SIZE,  » 
ST.  OEVIATION,  S 
SKEMNESS 
KURTOSIS 


2.316 
0.571 
-0.297 
1 .220 


T.  CARBON.  MT.X 

r.  organic  c 

T.  CARBONATE  C 


0.253 

0.163 

0.090 


TREASURE  ISLAND  MOTEL  (STATION  l>  -  CONTROL  t  EXPERIMENTAL 


PARAMETERS 


PAIE--  Egffl^SMiai. 


ntUWULUUlL AL 

Salinity.  5o/o 

33.S00 

33.500 

MATER  TEMP..  C 

22.400 

22.400 

SEDIMENT 

GRANULE.  MT.X 

0.201 

SANO 

90.829 

99.214 

SILT 

0.171 

0. 585 

CLAY 

MEAN  GRAIN  SIZE.  > 

2.303 

2.487 

ST.  OEVIATION.  0 

0 .560 

0.414 

SKEMNESS 

-0.275 

-0.103 

KURTOSIS 

1.  140 

1.031 

T.  CARBON.  MT.X 

0.214 

0.339 

T.  ORGANIC  C 

0.202 

0.325 

T.  CARBONATE  C 

0.012 

0.01  1 

TREASURE  ISLAND  MOTEL  (STATION  l)  -  CONTROL  6  EXPERIMENTAL 


PARAMETERS 


PAtE-S^fta. _ PAIS-r  .E^Iff^EtaAW 


aawwiytt 

MATER  TEMP.. 


>0 

c 


34.800 

21.800 


34.280 

21.800 


SEDIMENT 

GRANULE?  MT.X 

SANO 

SILT 

CLAY 


0.016 
99. SO  I 
0.183 


MEAN  GRAIN  SIZE.  • 
ST.  OEVIATION,  • 
SKEMNESS 
KURTOSIS 


2,491 

10.389 

-0,100 

0,937 


7.  CARBON,  MT.X 
T.  ORGANIC  C 
7.  CARBONATE  C 


0.244 

0.097 

0.147 
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TREASURE  ISLAND  NO  TEL  (STATION  1>  -  CONTROL  S  EXPERIMENT  AL 


oate 


-jam 


ht  or  gyp  jjC»L 
^XlTniTyToo/o 
WATER  TEMP..  C 


32.060 

25.700 


32.060 

25.700 


SEDIMENT 

GRANJLET  WT.X 

SAND 

SILT 

CLAY 


O.OSS 
07.96* 
1  .951 


MEAN  DRAIN  SIZE.  0 
ST.  DEV  I  AT  I  DM.  0 
SKEWNESS 
KURTOSI  S 


2.356 

0.677 

-0.193 

1.572 


T.  CARBON.  WT.X 
T.  ORGANIC  C 
T.  CARBONATE  C 


1.206 

0.206 

1.000 


TREASURE  ISLAND  MOTEL  (STATION  1)  -  CONTROL  C  EXPERIMENTAL 


PARAMETERS 


“T^3a«g 


PATE  -  E^MENia,. 


33.560 

33.560 

WATER  TEMP*.  c 

27.500 

27.500 

SEDIMENT 

GRANULE,  WT.X 

0.335 

SANO 

99.422 

98.705 

SILT 

0.2** 

1.295 

CLAY 

MEAN  GRAIN  SIZE*  0 

2. *56 

2.507 

ST.  DEVIATION,  0 

0**53 

0.483 

skewness 

-0.193 

0.03* 

KURTOSI S 

1.195 

1.27* 

T.  CARBON*  WT.X 

T.  organic  c 

T.  CARBONATE  C 

TREASURE  ISLANO  MOTEL  (STATION  l)  -  CONTROL  6  EXPERIMENTAL 


PARAMETERS 


DATE  -  EgP|^^ENTAL 


MTQBULQ j ^CAL 

SALINITY,  00/0  35.330  35.330 

MATER  TEMP..  C  29.000  29.000 


SEDIMENT 

GRANULE. 


SANO 

SILT 

CLAY 


WT.X 


97.489 
2.51  I 


MEAN  GRAIN  SIZE.  0  2.S29 
ST.  DEVIATION.  0  0. 463 
SKEWNESS  0.161 
KURT0S1S  1.201 


T.  CARBON.  WT.X 
T.  ORGAN  ic  C 
T.  CARBONATE  C 


treasure 

PARAMETERS 

ISLANO  MOTEL  (STATION  t> 

OATE  -  CONTROL 

-  CONTROL  6  experimental 

OATE  -  EXPERIMENTAL 

<9/  L/77 

9/1/J? 

HYDROLOGICAL 
SALINITY,  55/0 

32.610 

32.610 

MATER  TEMP.*  C 

27.700 

27.700 

mm  -t.x 

SAND 

96.923 

SILT 

3.077 

CLAY 

MEAN  GRAIN  SIZE,  9 

2.544 

st.  deviation,  e 

0.465 

SKEMNESS 

0.  197 

AURT0SI3 

1  .219 

T,  CAR8CN*,  wT.X 

T.  grganic  c 

T.  CARBONATE  C 

TREASURE  ISLAND  MOTEL  (STATION  t)  -  CONTROL  t  EXPERIMENTAL 


eABAMETEBS. 


DATE  -  CONTRtJL 

.  10/3/71 _ 


HYDROLOG (CAL 

SALINITY.  58/0  33.060 

33.060 

MATER  TEMP..  C  25.000 

25.000 

MT.X 

0.092 

SANO 

99.59T 

SILT 

0.31  1 

CLAr 

MEAN  GRAIN  SIZE*  9 

2.491 

ST.  deviation,  b 

0.505 

SKEMNESS 

-0.037 

KURT OS  IS 

1.327 

T*  CARBON*  MT.X 

T.  ORGANIC  C 

T,  CARBONATE  C 

TREASURE  ISLAND  MOTEL  (STATION  1)  -  CONTROL  &  EXPERIMENTAL 


eABAaeiEBs. 


0ATK-S  f^yMTAL 


HYDROLOGICAL 

SALINITY.  48/0 

MATER  TEMP.,  C 

mm  mt.s 

0.101 

SANO 

99. 163 

SILT 

0.736 

CLAY 

MEAN  GRAIN  SIZE*  9 

2.551 

ST.  DEVIATION*  B 

0.516 

SKEMNESS 

0.075 

kurtosis 

1.282 

T.  CARBON.  WT.X 
T.  ORGANIC  C 
T.  CARBONATE  C 


TREASURE  ISLAND  NO  TEL  (STATION  1)  -  CONTROL  t  EXPERIMENTAL 


EABAa&is&a. 


PATE  - 


NT  AL 


Salinity*  oo/o 

33.560 

33*560 

WATER  TEMP*.  C 

27*500 

27*500 

SEP IREN T 

GRANULE .  WTmX 

SAND 

99*700 

98 *641 

SILT 

CLAY 

0*300 

1*359 

MEAN  GRAIN  SIZE.  2 

2*445 

2*499 

ST.  DEVIATION.  • 

0*445 

0*525 

SKEMNESS 

-0*1  87 

*0*001 

KURTOSIS 

1.178 

1*388 

T.  CARSON.  MT.S 
T.  ORGANIC  C 
T.  CARBONATE  C 


SUN  t  SHIM  MOTEL  (STATION  21  -  CONTROL  C  EXPERIMENTAL 


PABAH6TEB5 


1X1  UNULUM  A\- NL. 

salTnTtyToo/o 

33.560 

33.560 

WATER  TEMP**  C 

27.500 

27.500 

SEDIMENT 

GRANULE*  WT.X 

SAND 

99.646 

99.796 

SILT 

CLAY 

0.354 

0.204 

can  grain  size,  a 

2.452 

2.425 

ST.  DEVIATION.  B 

0.440 

0.479 

SKEMNESS 

-0.1 79 

-0.194 

KURTOSIS 

1.146 

1.205 

T.  CARBON.  «T.  % 

T.  organic  c 

T*  CARBONATE  C 


MILTON  HOLIDAY  INN  (STATION  3)  -  CONTROL  6-  EXPER I  MENTAL 


EAFA^SISflS 


MIE“ ' 


33.330 

33.330 

MATER  TEMP..  C 

26.000 

26.600 

SEDIMENT 

GRANULE  .  MT.X 

0.922 

sand 

99.379 

96.964 

SILT 

0.121 

0.114 

CLAY 

MEAN  GRAIN  SIZE.  • 

2.214 

1.749 

st.  deviation,  a 

0.615 

1.064 

SKEMNESS 

-0.319 

-0.460 

KURTOSIS 

1.109 

0.624 

T.  CARBON.  MT.S 
T.  ORGANIC  C 
T.  CARBONATE  C 


PARA  Mg  TEH  S 


SANOPIPCR  MOTEL  <  STATION  41  -  CONTROL  4  EXPERIMENTAL 
OA  TE 


aflgfc. 


^t=±ms^L 


n  i  wn uluu  a 

SALINITY ,00/0 

33.330 

33.330 

MATER  TEMP.,  C 

26.S00 

2*. *00 

SEDIMENT 

granule.  MT.S 

0.079 

SAND 

99.859 

99.810 

SILT 

0 .141 

0.111 

CLAY 

MEAN  GRAIN  SIZE,  » 

2.244 

2.00* 

ST.  DEVIATION.  § 

0  .608 

0.831 

SKEWNESS 

-0.307 

-0.414 

KURTOSI S 

1 .158 

0.9S4 

T.  CARBON*  WT.X 
T.  ORGANIC  C 
T*  CARBONATE  C 


PEPPERTREE  CONDOMINIUM  (STATION  5) 

_ ***--, mm  .. 


CONTROL  t  EXPERIMENTAL 


SALINITY#  8o/0 

33*330 

33.330 

MATER  TEMP*#  C 

26* 600 

28.800 

SEDIMENT 

granule*  wt*x 

SANO 

99.864 

99.883 

SILT 

CLAY 

0.136 

0.137 

MEAN  GRAIN  SIZE.  • 

2.305 

2.257 

st.  deviation,  a 

0.593 

0.575 

SKEWNESS 

-0.331 

—0.280 

KURTOSI  S 

1.344 

I.I1 1 

T.  CARBON.  WT.X 
T.  ORGANIC  C 
T.  CARBONATE  C 


BLUE  OOLPHIN  MOTEL' (STATION  *»  -  CONTROL  *  EXPERIMENTAL 


PARAMETERS 


HYDROLOGICAL 

salTnTty.oo/o 

MATER  TEMP..  C 


SEDIMENT 

W  anuCe. 

SAND 
SILT 
CL  AT 


WT.X 


MEAN  GRAIN  SIZE.  V 
ST.  DEVIATION,  a 
SKEWNESS 
KURTDSIS 


m=&m. 


BALE..*. 


EXPERIMENT A 

zcnzani 


33.330 

33.330 

28.800 

28.800 

0.340 

0.137 

99.520 

99.757 

0.139 

0.106 

2.114 

2.311 

0.760 

0.612 

-0.397 

-0.340 

>.092 

1.391 

T.  CARBON.  MT.S 
T.  ORGANIC  C 
T.  CARBONATE  C 
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APPENDIX  B 

CHECKLIST  OF  ORGANISMS 

Checklist  of  organisms  collected  at  offshore  stations  (9-meter  depth) 
before  and  after  dredging — beach  restoration  project,  Panama  City  Beach, 
Florida  (November  1974  to  November  1977). 
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CHECKLIST  OF  ORGANISMS  COLLECTED  AT  OFFSHORE  STATIONS  (30-FOOT  DEPTH) 
BEFORE  ANO  AFTER  DREOGING  -  BEACH  RESTORATION  PROJECT,  PANAMA  CITY 
BEACH,  FLORIDA  (NOVEMBER  1974  TO  NOVEMBER  1977). 


£m£n05I - 

CTsk aTulTCAc  UNI9ENT IFIED  SP« 


RH  IMA  R 
WEN 


H-n  «  i*Tli 

< ;  [  A'KI 

.  i-wa-pr-T* 

- . . 

-t»in  M4*.i:kM:uTA» 

1 iZ‘\ *«mc 
4W-1  1  4%n 

r^imiSKn-idR^Ta 

r\*i4  4fM-i  0  m 

>Wz«i  IM4BHO _ ----- 

cTT: 

■r«ii  *  Wild  -Ci  IJ  'J  l 
lilWIiif-H] 

_ , - - - 

AZ  W4-M4  ■•ldl*  Mlif-W  f*  *4 

jjd3«*  re*t«  ct-t:» «%  - 

rtra*i 

j  w-rwar  *- :u  ■*: 

I*.t=(-I34d4tf-«HWI= 

.lqoc^-mi 

.n3r.wiwr 

J-Idlcn4:»M _ 

J-IJ  «I4i» 

likl  014:1 

34dUI4dM|Mi:r 

IvrxM--. 

fd  4W*DT-lid 

fd4*«07-l«  :»(•*»} 

_  W«W4d»P»|rrOfn»  , 
l;i-t*J  toi  TOW4.Y*  4  i»ut 

,  C«:t*I  JS  ir.TW:  L'Hr.t- !~<V  -T-I  :m 
i  c4;M~;n  in-T^iinc»^44^‘r 
■  kcm  jamsiLPim-i 

fdWSM^ 

-  sst-anm:! 

ki3+J*4»I' 
f-»I» 


tkt-m 
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APPENDIX  C 


BIOLOGICAL  AND  BIOSTATISTICAL  DATA  BY  STATION 

Biological  and  biostatistical  data,  by  station  and  date,  for  offshore  stations 
(9-meter  depth)  before  and  after  dredging — beach  restoration  project,  Panama 
City  Beach,  Florida  (November  1974  to  November  1977). 


3  I  CLOG  I  CAL  ANC  8 IOST AT  1ST  I  CAL  DATA.  BY  STATION  ANC  CATE*  FOR  CFFSHORE 
STATIONS  ISO-FOOT  DEPTH)  BEFORE  A NO  AFTER  DREDGING  -  BEACH  RESTORATION 
FPCJECT.  PANAMA  CITY  BEACH*  FLOPICA  (NOVEMBER  1974  TO  NOVEMBER  1977). 
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0.12 

0 
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0 
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0 
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0 
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0 
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0 

1 
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0 
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0 
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0 
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0 

2 

7 

6 

13 
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0 

0 

0 
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0.12 

0 

0 

0 
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1 

0.12 
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0 
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0 
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STATION  A  -  CONTROL 
(CONTINUED  ) 


NO.  OF  INpIVIQUAlS 

.iizzi _ 22z5—gZzSi:a?7s  total— ec . 


I^OCULAJUS 


ARTHRCPOCA  (CRUSTACEANS) 
AAPHIFCDA 


ANOMURA 


C A RIDE A 
PROCE 


UA-HEMPtiLWU. 


{HHWW 


CV CLAPS  IS  VAR  IANS 

oxTuyclf Yi.15  Smith i 

UNICENT  IF  IEO  SP7 
OSTRACCCA 

UNIDENTIFIED  SP. 

PENA  IDEA 

S1CYCN1A  BREYIRQ STRI  S 


ECHI NCDERFATA 

cC  HI NO  I CEA  (SAND  DOLLARS)  URCHINS) 

MCUMDENTIFIEO  sp.  * 

OFHIURCICEA  (BRITTLE  STARS) 
UNIDENTIFIED  SP. 


CEPHALOCHCRDATA  (LANCELETS) 


VERTEBRA  TA 

PISCES  (FISHES) 


HEJglETERCNtiyS  NOVACULA 
UrH* D I ID At »  U NIDeNT Ir IE 


C  SP, 


TOTALS 

NC.  SPECIES 
NC.  1  NO.  PER  M2 
S-M  INOEX  -  H  •( LN ) 
EVENNESS  -  J 


0 

1 

1 

2 

4 

0.47 

7 

5 

9 

1 

22 

2.56 

1 

0 

0 

0 

1 

0.12 

0 

1 

42 

2 

45 

5.24 

0 

0 

8 

2 

10 

1.16 

0 

0 

1 

0 

1 

0.12 

0 

12 

58 

15 

as 

9.90 

0 

3 

4 

3 

10 

1.16 

1 

2 

2 

16 

21 

2.44 

0 

2 

2 

0 

5 

0.58 

1 

0 

0 

0 

1 

0.12 

0 

0 

0 

1 

1 

0.12 

0 

0 

2 

0 

2 

0.23 

0 

0 

0 

1 

1 

0.12 

1 

0 

0 

0 

1 

0.12 

0 

0 

0 

2 

2 

0.23 

0 

0 

7 

0 

7 

0.81 

0 

0 

0 

1 

1 

0.12 

0 

0 

0 

1 

1 

0.  12 

0 

0 

3 

0 

3 

0.35 

0 

0 

0 

2 

2 

0.23 

0 

0 

0 

8 

8 

0.93 

0 

1 

0 

0 

1 
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0 

0 

0 

45 

45 

♦ 

N 

. 

in 

0 

0 

0 

3 

3 

0.35 

0 

0 

1  1 

0 
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1.28 

0 

1 

59 

19 

79 

9.20 

0 

0 

0 

I 

1 

0.12 

0 

0 

1 

0 

1 

0.12 

29 

188 

299 

24  3 

859 

15 

27 

4  1 

43 

75 

>64 

3008 

4784 

3888 

I*  923  2.154  2.801  3.113 
0.71 0  0.654  0.754  O.02S 


AV.  NO.  SPECIES  31.5  AV.  S-l  INOEX  2.498 

AV.  NC.  1N0.  PER  M2  3436.0  AV*  EVENNESS  0.736 


STATION  a  -  CONTROL 
(CONTINUED) 


Sg&CJES. 


MM 


TIFIED  SP. 
X 


SIPUNCUL1CA  (PEANUT  WORMS) 

SIPUNCILLS  LCNGIPAPILLCSUS 

ARTt-ROPOcA  (CRUSTACEANS) 
APPHIFCOA 

[QSiyl— SEa 


’5£iCfl£LAlXLliHMQPiJS_^P. 
5jf££H£LICliM_.S£i 
8FACHVUPA 

PINNIX1A  CRISTATA 
Xna 

_  -ATa 

CARTOtA 

.LI 


CUMACEA 

c  RTdenttfTeo  spT 

CSTRACCCA 

liMOEMIFIED  SP. 

P  EN  A  ICE  A 

JBA£tjJtPEfeA£L3-££N31gJ£BlS 


ECH  INOOEFW AT  A 

ECHINCIOEA  (SAND  DOLLARS)  URCI 

HOLOTHLRO  IDEA  (SEA  CUCUW8EFS) 
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OPH IURC IDEA  (BRITTLE  STARS) 
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J&^£HIC£l£MA^£LflBlfiA£ 
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PISCES  (FISHES) 

S*L£££&&£IU2-£IEB1 


TOTALS 

NC.  SPECIES 
NO.  1ND.  PER  M2 
S-W  INDEX  -  FMLN) 
EVENNESS  -  J 
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55 

3 

18 
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I 

I 

0 

0 

2 

0.  17 

0 

3 

1  1 

0 

14 

1.22 

0 

2 

0 

0 

2 

0.  17 

9 

I 

22 

5 

37 

3.22 

2 

0 

0 

0 

2 

0.  17 

0 

0 

29 

7 

36 

3.13 

0 

0 

0 

3 

3 

0.26 

0 

1 

0 

1 

2 

0.17 

0 

6 

16 

7 

29 

2.52 

1 

0 

0 

1 

2 

0.17 

0 

0 

0 

3 

3 

0.26 

0 

0 

0 

1 

1 

0.09 

0 

29 
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137 
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0 

0 
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1 
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0.17 

1 
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0 
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0.87 

0 

0 

1 

0 

1 

0.09 
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0 

0 

6 

6 

0.52 

0 

0 

0 

2 

2 
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1 

0 

1 

11 
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0 

0 

0 

1 

1 

0.09 

0 

0 

0 

2 

2 

0.17 

0 

0 

0 

3 

3 

0.26 

0 

0 

0 

3 

3 

0.26 

I 
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0 
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0.09 
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5 

0 

0 

6 
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0 
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0.61 

0 

0 

0 

1 

1 
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0.09 
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69 

74 
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0 

0 

0 
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27 

26 

28 

47 
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2.320 
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A  V. 


NC.  SPECIES  32.0 

NC.  IND.  PER  M2  4596.0 


AV.  S-W  INDEX  2.366 
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CCNTROL 


iSEtlE-S _ 
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CONTROL 


TREASURE  ISLAND  MOTEL  (STATION  1) 
(CONTINUED) 


sagcifis 
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TREASURE  ISLAND  MOTEL  (STATION  I)  - 
(CONTINUED) 
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TREASURE  ISLANC  MOTEL  (STATION  1)  - 
(CONTINUED  ) 

NO.  OF  INDIVIDUALS 
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SPECIES 
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ACTINIARIA  (SEA  ANEMONESI 
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MOLL  USCA  ( SHELLF I SH  ) 
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ANNELIOA  (SEGMENTFD  »ORM  S ) 
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A 
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0.0 

1 
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0 

0.0 
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0.0 
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0 

0.0 
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0 

0.0 
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0 

0.0 
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0 

0.0 
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0 

0.0 

a 
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0 

0.0 
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0.0 

I 
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0 
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23 
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7 
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0 

0.0 

t 

0.  072 

0 

c.o 

1 

0.  C72 

0 

0.0 

1 

0.  072 

C 

0.0 

1  4 

1.  004 

1 

1.235 

1 

0.  07 2 

1 

1.235 

1 

0.  072 

C 

0.0 

4 

0.287 

1 

1.235 

6 

0.430 

1 

1.235 

2 

0.143 

0 

0.0 

0 

0.0 

1 

1.235 

0 

0.0 

1 

1.235 

2 

0.143 

0 

0.0 

1 

0.072 

0 

0.0 

1 

0.072 

0 

0.0 

669 

47.991 

36 

46.914 

1 

0.072 

0 

C.O 

2 

0.  143 

0 

0.0 

2 

0.  143 

c 

C.  0 

1 

0.  072 

c 

C.O 

5 

0.  359 

c 

C.O 

9 

0.  646 

c 

c.o 

1  1 

0.  709 

4 

4.938 

5 

0.  359 

c 

c.o 

55 


TREASURE  ISLAND  MOTEL  ( STAT IC  N  1)  -  CONTROL  AND  EXPERIMENTAL 

6/10/76 
(CCM  INUED) 


NQ»  .. CF  1  NO.  (  C.  )  NO,  CF  INC.  (E.) 
total  percent  total  Percent 


£ANA 


ARTFRCPOCA  (CRUSTACEANS) 
amphipcoa 

A£fiNTtQt3AUSIfl51US.S£.t 
TBElkkl 


****966??^  HEMPHILL  I 
u^iBentimc6 
CLMACEA 

SSijeSji-'jtAi _ 

.  tAxuEfi3m5_.as.LiHi 

ISOPOCA 

E DOT  C  A_  MQNTOS  A 
MVSICACIA 

UNIDENTIFIED  SP. 
OSTRACCIA 

UMDENT  I  FI  ED  SP. 
RENAICEA 


ECHINOCERMATA 

ASTERC 1CEA  (STARFISHES) 
ASTRCPECTEN  ART(  CULATUS 

c chTnoidea  ( SA n5  dollars; 


OPm1i»C1D?“TBrTTTL£  STARS) 
CPHJCEFRA6MUS  WURCEMANI 


MEM 1CHORC  AT  A 

ENTERGPNEUSTA  ( ACCRN  WORMS) 
UN I DEN  1 1F IEO  SP. 


CEPhALOCHOROATA  (LANCELETS) 

IBAfettJC  5IQH  A  _f w  ABlfiAf 


URCHINS) 


totals 

NO.  SPECIES 
NC.  I  NO.  PER  M2 
S-W  INDEX  -  H'(LN) 
EVENNESS  -  J 


5 

0.  359 

C 

0.0 

69 

4.  950 

c 

c.o 

i 

0.  215 

1 

1.235 

14 

1.  004 

c 

6.173 

S 

0.  359 

6 

C.  0 

2 

0.  143 

0 

0.0 

7 

0.  502 

0 

0.0 

1 

0.072 

0 

0.0 

3 

0.  215 

c 

C.  0 

1 

0.  072 

c 

C.  0 

l 

0.  072 

c 

c.o 

5 

0.  359 

c 

0.0 

15 

1.076 

4 

4.938 

a 

0.574 

1 

1.235 

74 

5.  308 

1 

1.235 

t  0 

0.717 

0 

0.0 

1 

0.  C72 

c 

C.  0 

3 

0.  215 

0 

0.0 

2 

0.143 

0 

0.0 

2 

0.143 

c 

c.o 

4 

0.287 

0 

0.0 

5 

0.  359 

c 

0.0 

1 

0.072 

c 

C.  0 

3 

0.215 

0 

o 

. 

■o 

1 

0.  072 

0 

0.0 

12 

0.  861 

0 

© 

• 

o 

0 

0.  0 

1 

1.235 

1 

0.  072 

0 

O 

• 

o 

14 

1.004 

2 

2.469 

1 

0.072 

0 

o 

. 

e 

2 

0.  143 

0 

0.0 

12 

0.  661 

2 

2.469 

94 

72 

81 

20 

5576 

324 

2. 

3604 

2.0322 

0.5519 

0.6784 

56 


TREASURE  ISLAND  MCTEL  (STATICN  tl  -  CCKTROL  ANC  EXPERIMENTAL 

e/ie/re 


SPECIES 


TREASURE  ISLAND  MOTEL  (STA11CN  It  -  CONTROL  AND  EXPERIMENTAL 

8/  18/76 
(CCATINUED) 


SPECIES 


l_IS££3S2SA 

btlfss 

iSE-Ujjeiiiitii 


mwaSKUdB* 

jgig^gEJjiaatjijaE  ^ 


SI PLNCULI C A  (PEANUT  WORMS ) 

5J2L£I!s5iA_ial£HO££PHAL& 

ARTPRCPCCA  (CRUSTACEANS) 

A MPH  IPCOA 

1-SS.A 


sH|i_S£a 


9RACHYLRA 


c^^J^NA5SA_J4iSAIS£tlSE 


tiLU 

M 


UNIDENTIFIED  SP. 

OSTRACCCA 

UNIDENTIFIED  SP. 

PENA  IDE  A 

A£8£jI±flSflMLUA_3IMini£b5i5 


ECN I ADDER A AT A 

ASTERO IDEA  (STARFISHES) 
ASTRCPECTEN  ART  I C JLATUS 
ECFINCICf  A  TSANlTDOLLAffls  URC) 

«o^trlHbftHsf5S5Smf, 

STARS) 

cptiCEaSi*g^ws-msfl£MAai 


Mg»  .QT-IWi-iSii 
TOTAL  PERCENT 

NO.  Pf  INC,  €£. 
TCTAL  PERCENT 

7 

0.509 

0 

0.0 

1 

0.073 

0 

0.0 

0 

0.0 

2 

C.  820 

1 

0.073 

0 

0.0 

1 

0.073 

2 

C.820 

•a 

0.  218 

2 

C  .620 

I 

0.  073 

1 

C.410 

200 

14.  S4S 

43 

17.623 

4 

0.  291 

C 

c.o 

30 

2.  182 

7 

2.869 

2 

0.  145 

C 

C.O 

9 

0.  655 

C 

C.O 

6 

0.  436 

c 

C.O 

S 

0.  364 

c 

C.O 

1 

0.  073 

1 

C.410 

12 

0.e73 

0 

0.0 

-» 

0.  218 

1 

C.410 

IS 

1.  091 

3 

1.230 

2 

0.  145 

0 

0.0 

C 

0.  0 

1 

0.410 

IS 

1.  091 

0 

0.0 

6 

0.  436 

0 

0.0 

49 

3.  564 

4 

1.639 

13 

0.  945 

1 

0.410 

I 

0.  073 

0 

C.O 

5 

0.  364 

c 

0.0 

0 

o 

• 

o 

3 

1.230 

7 

0.509 

0 

0.0 

3 

0.2 18 

1 

C.410 

5 

0.364 

0 

0.0 

12 

0.873 

4 

1.639 

7 

0.509 

5 

2.049 

1 

0.  073 

1 

0.410 

2 

0.  145 

t 

C.410 

1  C 

0.  727 

2 

C.820 

C 

0.  0 

I 

C.410 

0 

o 

• 

o 

t 

C.410 

1 

0.073 

0 

o 

. 

o 

[NS  I 

IS 

1.  091 

C 

o 

. 

o 

2 

0.  145 

c 

C.O 

1 

0.073 

0 

0.0 

APPEND IX  6  (CONTINUED! 


TREASURE  ISLANC  MOTEL  (STATION  1}  -  CONTROL  AND  EXPERIMENTAL 

8/18/76 

(CONTINUED! 


SPECIES 


UNIDENTIFIED  SP. 


HE  MI CM  CRC  A  T  A 

ENTEROFNELSTA  ( 4CCRN  WCRVS) 
UNIDENTIFIED  SP. 


CEPHALCCHCRDAT A  (LANCELETS  i 
BRANCHICSTOMA  FLORIOAE 


VERTEBRAT  A 

PISCES  (FISHES! 


0.  1A5 


0.0 


0.  073 


0.0 


32 


2.  327 


0.  0 


0.073 


0.0 


TOTALS 

1375 

244 

NO.  SPECIES 

80 

38 

NC.  IND.  PER  M2 

5500 

S76 

S-K  INOEX  -  H'(LN) 

2.  7517 

2. 1 746 

EVENNESS  -  J 

0.6280 

0.5*78 

59 


TREASURE  ISLAND  HOTEL  (STATION  I)  -  CONTROL  AND  EXPERIMENTAL 

8/24/76 


SPECIES 


TREASURE  ISLANC  MOTEL  (STATION  I)  -  CONTROL  ANO  EXPERIMENTAL 

a/24/76 

(CONTINUED) 


SPECIES 


TREASURE  ISLAND  MCTEL  (STATION  1)  -  CGNTRCL  ANC  EXPERIMENTAL 

8/ 24/76 
(CONTINUED) 


SPECIES 


Mg.  CF  _  I  NO.  (  C.  )  NO.  CP  INC.  (E.) 
TOTAL  PERCENT  TOTAL  PERCENT 


ASTROPECTEN ARJI CULAJLg 

E  C  HINOTC  6  A^tXNlS  D  DLL* RSI  URCHI 

1 

NS) 

0.  083 

C 

0.  0 

■fflAtili  TLItM 

6 

0.496 

0 

0.0 

a-HaWflHWWftLe  STARS) 

9 

0.  744 

1 

0.187 

2 

0.165 

0 

0.0 

5 

0.414 

1 

0.187 

HEM ICHCRC  AT  A 

ENTEROPNELSTA  (ACRCN  MCRMS) 

UNIDENTIFIED  SP. 

2 

0.  16S 

0 

0.0 

CEPHALOCFCRO AT  A  (LANCELETS) 

BS*b£tlO^JgMA-FLaBlBA£ 

S 

0.  744 

1 1 

2.060 

VERTEERAT A 

PISCES  (FISHES) 

k£gflE.tiglya  -SBAfcWL-Sl 

0 

o 

• 

o 

t 

C.  187 

totals 

1209 

534 

NO.  SPECIES 

e4 

60 

NC.  I  NO.  FER  M2 

4836 

2  136 

S-*  INDEX  -  H • ( LN) 

2. 

8449 

2. 5827 

EVENNESS  -  J 

C.642I 

0.6308 

62 


CONTROL  AND  EXPERIMENTAL 


TREASURE  ISLAND  MOTEL  (STATICS  I)  - 

9/1/76 


SPECIES 


CNIP*  IA 

NIARIA  (SEA  ANEMONES) 
USIOESTIFIED  SP. 


PLA1VHELMINTHES 

TURBELL AR I A  (FLATWORMS) 
USIDEMIFIED  SP. 


NEMERTIKEA  (RIBBCN  WORMS) 
UNIDENTIFIED  SP . 


SEMATOOA  (ROUNDWORMS  ) 
UMOESTIFIED  SP. 


MOLLLSCA  (SHELLFISH) 
GAST  POFC  C  A  (SNAILS) 


PEL 


twJSF 

CONCENTRICA 
ata 


MI5 


mat 


ANNELIDA  (SEGMENTED  WCRMS) 
OL 1GOCFAETA 


UNIOESTIFI ED  SP. 
PCLVCHACTA 


t 

0.  1  30 

0 

o 

. 

o 

5 

0.649 

1 

0.248 

20 

2.  59? 

7 

l.?37 

1  0 

1.299 

1 

0.248 

5 

0.  649 

0 

0.0 

I 

0.  130 

0 

0.0 

2 

0.260 

0 

0.0 

I 

0.130 

0 

0.0 

3  C 

3.  896 

1 

0.248 

0 

0.  0 

4 

0.993 

t  1 

1.429 

0 

0.0 

3 

0.390 

0 

0.0 

1 

0.  130 

0 

0.0 

1 

0.130 

0 

4 

0.519 

3 

0.744 

I  7 

2.208 

c 

0.0 

0 

0.0 

1 

0.248 

58 

7.532 

32 

7.940 

16 

2.078 

2 

0.496 

1 

0.  130 

0 

0.0 

1 

0.130 

0 

0.0 

2 

0.260 

0 

0.0 

2 

0.260 

0 

0.0 

1 

0.  130 

0 

0.0 

3 

0.  390 

1 

0.248 

l  6 

2.078 

14 

3.474 

1 

0.  130 

0 

0.0 

6 

0.  779 

3 

0.744 

1 

'  0.130 

0 

0.0 

1 

0.  130 

3 

0.744 

3 

0.  390 

1 

0.248 

2 

0.260 

0 

0.0 

3 

0.390 

« 

0.496 

4 

0.519 

0 

0.0 

283 

36.753 

207 

S 1 . 365 

8 

1 .039 

7 

1.737 

2 

0.260 

0 

0.0 

3 

0.390 

0 

0.0 

1 

0.130 

1 

0.248 

»  7 

2.208 

0.744 

1  7 

2.208 

3 

0.744 

1 

0.  130 

0 

0.0 

1 

0.130 

1 

0.  248 

TREASURE  ISLAND  MOTEL  C  STAUCN  I)  -  CONTROL  ANO  EXPERIMENTAL 

9/1/76 

(CCATINUED) 


SPECIES 


ARTHROPOCA  ( CR LSTACE A NS » 
AMPHIPCDA 

is  ,se. 


ALBUKEA  PARET II 
QRACNVLRA 

c.HfliUlno,. 


Ild'H* 


dattu 


MYSIDACEA 

UN  I C  ENT  I F  I E  0  SP. 

OSTRACCCA 

UMCEKT  IFIED  SP* 
STOMATCPODA 

isifei* jssyju.  A-B  laAima&Js 


ECH INOOERMATA 

ASTERO  ICE  A  (ST  ARF  IS  FES  I 

URCHINS) 

MCkk  UA— flyiiiflWlS  SSEfiEQSilA 

HOLO TH cROlof  A  (  SEA  EZJCUMBER S  ) 
LlilllltAEIA-Sfcg 
OPHIURC IbE A  (Bft ItfLE  STARS) 

fletacBBBAgfliii-mBaaMAfei 


2 

0.260 

3 

0 

0.0 

1 

0 

0.0 

2 

32 

4.  156 

27 

2  1 

2.72  7 

9 

1 

0.130 

0 

SO 

6.494 

17 

0 

0.0 

** 

17 

2.208 

1 

3 

0.390 

0 

6 

0.779 

2 

1 

0.130 

0 

9 

1.169 

0 

1 

0.130 

0 

13 

1.688 

7 

1 

0.  130 

0 

0 

0.0 

4 

3 

0.  390 

0 

4 

0.  519 

c 

2 

0.  260 

3 

2 

0.  260 

C 

1 

0.  130 

0 

2 

0.260 

0 

1 

0.130 

0 

2 

0.  260 

0 

1 

0.  130 

0 

1 

0.  130 

0 

1 

0.130 

2 

2 

0.  260 

4 

0 

O 

. 

o 

4 

6 

0.779 

4 

2 

0.260 

0 

1 

0.  130 

0 

■» 

0.390 

0 

1 

0.  130 

2 

4 

0.  519 

0 

O*  744 
0.2A8 
0*496 
9.181 
2.233 
0.0 
4.218 
0.744 
0.248 
0.0 
C.496 


0.0 


0.0 
0.0 
1.737 
0.0 
C.993 
0.0 
C.O 
C.  744 
C.  0 

C.O 

0.0 

0.0 

0.0 

C.O 

0.0 

0.496 

C.993 

0.993 

0.993 

0.0 


0.0 

0.0 

0.496 

0.0 


►  EMKHCRCAT  A 

ENTERCf AECSTA  (ACORN  WORMS) 

UNIDENTIFIED  SP.  4  0.519 


C  C.O 


CEPTALCChCRCATA  (LANCELETS) 


64 


TREASURE  ISLAND  MOTEL  (STATION  1)  -  CONTROL  AND 

S/1/76 

(CONTINUED) 

EXPER I MENTAL 

SPECIES 

NO.  CF  1ND.  (C.) 
TOTAL  PERCENT 

gSAMSUlflaflMA  -ELH81BAE 

4  0.519 

0  0.0 

TOTALS 

NO.  SPECIES 
NO.  INO.  PER  M2 
S-H  INDEX  -  H»  C LN 1 
EVENNESS  -  J 


770 

74 

3060 

2.8922 

0.6720 


403 

38 
1612 
2. 1365 
0.5873 


65 


TREASURE  ISLANO  MOTEL  (STATION  1)  -  CONTROL  A  NO  EXPERIMENTAL 

9/8/76 


SPECIES 


^OTAL  ^ERCEN^ 


TREASURE  I  SLANG  (MOTEL  (STATION  I)  -  CONTROL  ANO 

S/8/76 

(CONTINUED) 

EXPERIMENTAL 

SPECIES 

&g...fiE,mgi  JLSxl 

TOTAL  PERCENT 

HOLOTHIROIOEA  (SEA  CUCUMBERS) 
LEPTCSYNAPTA  SP. 

10  1.770 

0 

o 

• 

o 

HE  M ICH  CRD  AT  A 

ENTEROPNEUSTA  (ACORN  WORMS) 
UNIDENTIFIED  SP  • 

I  0.177 

0 

o 

• 

o 

CEPHALCCHCRDATA  (LANCELETS) 

I  0. 177 

7 

2.083 

TOTALS 

NO.  SPECIES 

NO.  INO.  PER  M2 

S-W  INDEX  -  H' (LN) 

EVENNESS  -  J 

56  5 

83 

2260 

3.3627 

0.  7610 

336 

47 

1344 

2. 7387 
0.7113 

68 


£&!&&, 


CONTROL  A NO  EXPERIMENTAL 


TREASURE  ISLANO  MOTEL  (STAT1CN  I)  - 

9/21/76 
(CONTINUED) 


SPEC IES 


IN 


TOTAL  P 


SIPUNCULICA  (PEANUT  WORMS) 
S£LfliSIA_IRI^Hfli£PHALA 


ART  FROPOC  A  (CRUSTACEANS) 
AFPHIPCCA 


cu 

UNIDENTIFIED  SP. 


6 

0.767 

0 

0.0 

A 

0.512 

0 

0.0 

1 

0.128 

1 

0.433 

15 

40.281 

70 

30.303 

9 

1.151 

0 

0  .0 

0 

0.0 

1 

0.433 

2 

0.256 

0 

0.0 

2 

0.  256 

1 

0.433 

0 

0.0 

1 

0.433 

1 

0.  128 

0 

0.0 

7 

0.895 

1 

0.433 

1 

0.  128 

0 

0.0 

1 

0.128 

0 

0.0 

26 

3.  325 

7 

3.030 

1 

0.128 

0 

0.0 

3 

0.  384 

0 

0.0 

1 

0.  128 

0 

c.o 

I 

0.128 

1 

0.433 

1 

0.384 

0 

C.O 

0.  384 

c 

C.O 

C 

0.  0 

2 

0.866 

7 

0.  895 

1  0 

4.329 

25 

3.  197 

12 

5.195 

25 

3.  197 

7 

3.030 

1 

0.  128 

0 

0.0 

40 

5.  115 

7 

3.030 

3 

0.  384 

0 

0.0 

C 

0.  0 

5 

2.165 

9 

1.  151 

4 

1.732 

5 

0.  639 

4 

1.732 

C 

0.  0 

1 

0.433 

1 

0.  128 

0 

0.0 

2 

0.  256 

C 

o 

• 

o 

1  c 

1. 279 

C 

C.  0 

4 

0.  512 

0 

0.0 

1  9 

2.  430 

6 

2.S97 

0 

0.0 

1 

0.433 

3 

0.384 

0 

0.0 

1 

0.  126 

1 

0.433 

4 

0.512 

0 

C.O 

1 

0.128 

0 

0.0 

1 

0.128 

c 

0.0 

7 

0.  895 

7 

3.  030 

2 

0.  256 

c 

0.0 

1 

0.  128 

0 

0.0 

2 

0.256 

1 

0.433 

2 

0.  256 

0 

0.0 

3 

0.  0 

2 

0.866 

3 

0.  384 

1 

0.433 

1 

0.  128 

I 

C.  433 

7 

0.695 

14 

6.061 

TREASURE  ISLAND  MOTEL  (STATIC*,  t)  -  CONTROL  ANO  EXPERIMENTAL 

S/21/76 
(CONTINUED  1 


SPECIES 


PENA  IDEA 

S1CVCN1A  BREVlRQSTglS 

IBA55£l53^I-£flSSl5l£lU5 


2  0.866 

1  0.433 


ECHINOOERMATA 

ECHINOICEA  (SAND  DOLLARS {^URCHINS) 

SP«-  *  5 

OPHTuRCIDEA  (BRITTLE  STARS) 

UNIDENTIFIED  SP .  1 


0.512 
0.  6  39 
0.128 


0  0.0 

3  1.299 

0  0.0 


MEM ICHORCATA 

ENTEROPNELSTA  ( ACCRN  WORMS) 
UNIDENTIFIED  SP. 


0.128 


0  C.O 


CEPFALOCFCRCATA  (LANCELETS) 

5SA£&£m£12ttA_FLggl2A£ 


5  0.639 


0.433 


NO.  SPECIES 
NO.  IND.  PER  M2 
S-*  INDEX  -  H* (LN) 
EVENNESS  -  J 


782 

89 

3128 

2.9755 

0.6629 


45 

924 

2.9440 

0.7734 


71 


TREASURE  ISLANC  MOTEL  (STATION  1)  -  CONTROL  ANO  EXPERIMENTAL 

I  C/A/76 


PLAl YHELKINTHES 

TURBELL  ARIA  (  FLATWQRMS ) 
UN  IOENT  IF  IEO  SP. 


0  0.0 


0.164 


NSMERT I NE A  (RI68CN  WORMS) 
UNIDENTIFIED  SP. 


27  3. 466 


17  2.787 


N EM AT O DA  (ROUNDWORMS) 
UNIDENTIFIED  SP. 


4  0.513 


0.164 


PHORONIDA  ( PHORON IDS ) 

PhCeCNlS-ARCfrUECTA 


0.128 


0  C.O 


MOLLLSCA  (SHELLFISH) 
GASTROPODA  (SNAILS) 


0  0.0 

I  0.128 

1  0.128 

1  0.128 

3  0.  385 

3  0.  385 

1 9  2. 439 

e  1.027 

I  0.  128 

1  0.128 

C  0.  0 

3  0. 385 

5  0. 642 

33  4.236 

1  0.  128 


1  0.164 

0  0.0 

0  0.0 

0  0.0 

0  0.0 

1  0.164 

29  4.754 

4  0.656 

0  0.0 

0  0.0 

1  O. (64 

2  0.328 

4  0.656 

19  3.115 

1  0.164 


ANNELIDA  (SEGMENTED  WORMS) 
CL  IGOO-AET  A 


UNIDENTIFIED  SP. 
PCLYCHAETA 


2  3  2.  953 

1  0. 128 

1  0.  128 

1  0.128 

1  0.  128 

1  0.128 

0  0.  0 

C  0. 0 

2  0.  257 

2  0.257 

C  0.  0 

C  0.  0 

2  7  3.466 

C  0.  0 

C  0.  0 

1  0.128 

6  0. 770 

4  0.513 

C  0.  0 

t  0.128 

1  0.128 

I  0.128 

5  0. 642 

0  0.0 

15  1.926 


21  3.443 

0  0.0 

1  0.164 

0  0.0 

1  0.164 

0  0.0 

1  0.164 

3  0.492 

19  3.115 

3  0.492 

2  0.328 

1  0.164 

44  7.213 

2  0.328 

2  0.328 

0  0.0 

3  O. 492 

2  0.328 

1  0.164 

1  0.164 

4  0.656 

4  0.656 

2  0.328 

I  0.164 

1  0.164 
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TREASURE  ISLAND  MOTEL  (STATION  I)  -  CONTROL  AND  EXPERIMENTAL 

10/4/76 

(CCKTINUEO) 


SPECIES 


CARICEA 

«,SiFt-liaa!llu 

SPj 


UNIDENTIFIED  SP. 

OSTRACODA 

UNIDENTIFIED  SP. 

PENAIOEA 

S1CYQNIA  SREVIRQ STR1S 
- ,  CQ msTr ICTUS 


TAN/ 

UN  ICENT IF IEO  SP. 


ECH I  NODES MAT A 

ASTERO  IDEA  (STARFISHES) 
ASTBCPECTENARTICULATUS 
HCLOThURO IDEA  (SEA  CUCUMBERS) 

OPHf A^^BRlft L E  STARS) 
QPHIOPHRAGMUS  auroemani 


CEPHALCCHCRO AT  A  (LANCELETS) 


TOTALS 

NO.  SPECIES 
NO.  INO.  PER  M2 
S-N  INDEX  -  H  *  (  LN) 
EVENNESS  -  J 


2  0. 257 

E  C.  770 

C  0.  0 

3  0.385 

2  0.257 

6  0.770 

1  0.128 

6  0.770 

0  0. 0 


2  0.257 

5  0. 642 

1  0. 128 


C  0.  0. 


779 

87 
3116 
3.26S0 
C. 731 1 


2  0.328 

2  C. 328 

2  0.328 

5  C.820 

4  0. CS6 

14  2.295 

1  0.164 

l  0. 164 

1  0.164 


3  0.492 

26  4.262 

0  0.0 


2  0.328 


6  10 

85 

244  0 
3.7160 
O. 8364 
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CONTROL  A NO  EXPERIMENTAL 


TREASURE  ISLAND  MOTEL 


(STATION  1)  - 
10/16/76 
(CONTINUED) 


SPECIES 


“fog  qftrfa* 


ART  FROPOf  A  (CRUSTACEANS) 
ARPHIPCOA 

iSfilLkl 


ii— SEi 


ANCMU 


lifiys 


CAtCTASASSTME 
C  A&?HklANASSA  JAMA1CENSE 

2 'mui,ajMaLh 

UNIDENTIFIED  SP. 

OST  R  ACC  C  A 

UNIDENTIFIED  SP. 


ECHINOOERMATA 

ASTEROICEA  (STARFISHES) 

AgTStPE^TEH  APTI  CULATUS 
:htnoi5ea  T5*nd  dcllarSt  urchins) 


LE  STARS) 


0 

0.0 

1 

0.356 

1 

0.  102 

6 

2.135 

1 

0.  102 

0 

0.0 

1 

0.  102 

0 

0.0 

2 

0.204 

0 

0.0 

1 

0.  102 

0 

0.0 

2 

0.204 

0 

0.0 

1 

0.102 

0 

0.0 

1 

0.  102 

-* 

1.066 

0 

0.  0 

2 

C.712 

77 

7.  673 

27 

9.609 

IS 

1.  S34 

14 

4.982 

1 

0.  102 

0 

0.0 

37 

3.  783 

c 

C.O 

1 

0.  102 

0 

0.0 

3 

0.  307 

0 

C.O 

0 

0.  0 

3 

1.068 

2 

0.204 

2 

0.712 

3 

0.  307 

4 

1.423 

14 

1.  431 

29 

10.320 

1 

0.  102 

0 

C.O 

5 

0.511 

3 

1.068 

19 

1. 943 

6 

2. 135 

1 

0.  102 

0 

0.0 

1 

0.  102 

0 

0.0 

7 

0.716 

0 

0.0 

1 

0.  102 

0 

0.0 

28 

2.  863 

20 

7.117 

3 

0.307 

1 

0.356 

0 

0.0 

1 

0.356 

3 

0.307 

4 

1.423 

1 

0.  102 

2 

0.712 

1 

0.  102 

1 

0.356 

C 

o 

. 

o 

1 

0.356 

0 

o 

. 

o 

1 

0.356 

3  1 

3.  170 

1 

0.356 

0 

0.0 

1 

0.  356 

1 

0.  102 

0 

0.0 

6 

0.  818 

1 

0.356 

1 

0.  102 

0 

o 

• 

o 

4 

0.409 

0 

0.0 

1 

0.  102 

1 

0.356 

2 

0.204 

0 

0.0 

1 

0.  102 

0 

0.0 

CEPPALOCHCROATA  (LANCELETS) 


TREASURE  ISLAND  MOTEL  (STATIC A  l)  -  CONTROL  AND  EXPERIMENTAL 

It/1/76 


SPECIES 


OF  1NP.  iC,  1  NO.  Of  INC.  (E.l 

TofJL  PercEnt  toTal  percent 


CNIDARI A 

ACT  INI  ARIA  (SEA  ANEMONES) 


UKICENTIFIEO  SP. 

3 

0.397 

0 

0.0 

PLATYHELMATHES 

TLRBELL ARI A  (FLA  TWCRMS ) 
CNIOENTIFIED  SP. 

2 

0.265 

2 

0.391 

NEMERTINEA  (RIBBON  WORMS) 
UNIDENTIFIED  SP. 

IE 

2.  38A 

6 

1.  17A 

NEMATOOA  (ROUNDWORMS) 
UNIDENTIFIED  SP. 

8 

1  •  060 

1 

0.196 

MOLLVJSCA  (SHELLFISH) 
GASTROPODA  (SNAILS) 
jjjlijjj,  PW5JU.A 

PEL 


1E1MJA 
JtflLflE 


1 

0.  132 

0 

0.0 

1 

0.132 

3 

0.587 

1 

0.  132 

0 

0.0 

C 

0.  0 

1 

0.196 

1 

0.  132 

0 

0.0 

2 

0.  265 

1A 

2.7A0 

C 

0.  0 

1 

0.196 

1  c 

I.  325 

0 

0.0 

c 

0.  0 

1 

0.196 

c 

0.  0 

3 

0.587 

A 

0.  530 

0 

0.0 

16 

2.  119 

7 

1.370 

ANNELIDA  (SEGMENTED  NORMS) 
OLIGOCHAETA 

UNIDENTIFIED  SP. 

PCL VCHAETA 


(.■Did)  (•Kt'Klil  vmu , 
>(•*  i ‘IT.wK  =(•*(•?: 
'wrwir.M'Vi 
r-W4M.17.W-' 


A.  636 

0.132 
0.  662 
0.  662 
0.  (32 
I.  S69 
0.  132 
I.A57 
0.  (32 
0.  927 
0.  265 
0.  (32 
0.0 
0.927 
0.265 
0.265 
0.927 
0.927 
0.  662 
0.  0 

AS.  298 
0.530 
0.  0 
0.  265 
0.  0 
0.265 
(•  (92 


(  C. (96 

0  0.0 

C  0.0 

2  0.391 

0  C.O 

C  0.0 

0  0.0 

18  3.523 

t  0.196 

0  0.0 

0  0.0 

0  0.0 

1  0.196 

e  1.566 

1  0.196 

1  0.196 

0  0.0 

0  0.0 

2  0.391 

1  0.196 

216  A2.270 

1  0.196 

2  0.391 

2  0.391 

1  0.196 

0  0.0 

1  0.196 


TREASURE  ISLAND  MOTEL  (STATION  l)  -  CONTROL  A NO  EXPERIMENTAL 

10/18/76 

(CONTINUED) 


SPECIES 


"tefg-nteift1  “fosp  ms# 


BRANCfcJCSTCMAFLOSlCAE  21  2.147  1  0.3S6 


TOTALS 

978 

281 

NO.  SPECIES 

77 

46 

NO.  INO.  PER  M2 

3912 

1  124 

S-M  INDEX  -  HMLN) 

2.6227 

2.9372 

EVENNESS  -  J 

0.6038 

0.7672 

CONTROL  ANC  EXPER  1MENTAL 


TREASURE  ISLAND  MOTEL  (STATICN  1)  - 

11/1/76 
*  (CONTINUED) 


SPECIES 


1 

0.  132 

1 

0.196 

1 1 

i.  457 

6 

1.174 

2 

0*  265 

2 

0.391 

1 

0.  132 

0 

0.0 

1 

0.  132 

0 

0.0 

1 

0.  132 

0 

0.0 

6 

0,  795 

1 

0.196 

0 

0.0 

8 

1  .566 

2 

0.265 

1 

0.196 

IS 

1 . 987 

14 

2.740 

1  1 

1.457 

17 

3.327 

30 

3.974 

10 

1.957 

3 

0.397 

0 

0.0 

I 

0.  132 

0 

0.0 

0 

0.0 

1 

0.196 

t 

0.  132 

2 

0.  391 

0 

0.0 

7 

1.370 

ARTHROPODA  (CRUSTACEANS) 
AMPHIPOCA 


CAR  IDEA 


CSTRACCC A 


UNIDENTIFIED  SP. 


CEPFALOCHCROAT A  (LANCELETS) 


2 

0.265 

0 

0.0 

S 

0.662 

29 

5.675 

3 

0.397 

3 

0.587 

8 

1. 060 

18 

2.523 

6 

0.  795 

0 

0.0 

18 

2.  384 

C 

0.0 

65 

8.  609 

et 

12.916 

0 

0.  0 

l 

C.  196 

0 

o 

• 

o 

6 

1.174 

3 

0.  397 

1 

0.196 

0 

0.  0 

1 

0.196 

1 

0.  132 

0 

o 

• 

o 

0 

0.0 

1 

0.  196 

2 

0.  265 

2 

0.391 

2 

0.  265 

1 

0.196 

2 

0.265 

0 

0.0 

1 

0.  132 

2 

0.391 

1 

0.  132 

2 

0.391 

2 

0.  265 

2 

0.391 

1 

0.  132 

0 

o 

• 

o 

1 

0.  132 

2 

0.391 

0 

0.  0 

1 

0.196 

e 

1.  060 

5 

0.978 

ECH INOOERMATA 

AST  ERO  ICE A  (STARFISHES) 

URCHINS) 

SeEaEflaAIA 

HOn^CRtrlDEA^TseA^UCUMeEffS) 

OpM5JHII$®f$n^TfLE  STARS) 

flgtHSgMBftCMkS-l^BB£BA£I 


TREASLRE  ISLAND  MOTEL  (STAT1CN  I)  -  CONTROL  ANO  EXPERIMENTAL 

1 1/1/76 
<  CONTINUED) 


SPECIES 


TOTALS  755  511 

NO*  SPECIES  67  55 
NO*  INC*  PER  M2  3020  2C44 
S~fc  INDEX  -  H'(LN)  2*6057  2*49S3 
EVENNESS  -  J  C*  61 97  0*6227 
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TREASURE  ISLAND  MOTEL  (STATION  11  -  CONTROL  AND  EXPERIMENTAL 

l 2/1/76 


SPECIES 


TRE ASLRE  ISLAND  MOTEL  (STATION  i)  -  CONTROL  ANO  EXPERIMENTAL 

12/1/76 

(CCNTINUEO) 


BJUS 


BlfcbllsfBIEIfiiNA 
_ JJCS-AfiMlfiER 

SgOLCPLOS  RUgRA 

Ij£*lBEA_LEiIMU!*MA 


RULL, 


P-£ITJSQN£A£ 
SlJbANlt-fiOMSlx 


ARTHROPOCA  (CRLSTACEANS) 
AMPHIPCCA 


j£iU51_SPi 

anGmura  "* 
A\&lhl£-EA&£1±1 
EASM  EUa_i,QNjil£  ar  p^s 
EPACHYURA 

lijjLpHiiai-jiimsEiis 


OSTRACCCA 

UNIDENTIFIED  SP. 

PENA  IDEA 

TRACHYPENAEUS  CONSTR  ICTUS 


E CM  I NODE R* AT A 

MOL  OTH  LROI  DE  A  (SEA  CUCUMBERS) 

£££I£iX£liPIA-5Ej 

CEPHALCCHCROATA  (LANCELETS) 
BRANCHIOSTQMA  floridae 


TOTALS 

NO,  SPECIES 
NO,  I  NO.  PER  M2 
S-W  INDEX  -  HMLNI 
EVENNESS  -  J 


1 

0,  130 

4 

0.452 

2 

0.  260 

C 

C.  0 

28 

3,  636 

15 

1.695 

4 

0.  519 

0 

0.  0 

1 

0,  130 

0 

0.0 

4 

0.  51  9 

0 

0.0 

1 

0,  130 

3 

0.339 

0 

0.0 

3 

0.339 

0 

0,  0 

4 

0.452 

4  1 

5.  325 

55 

6.215 

1  2 

1,558 

9 

1.017 

34 

4.416 

44 

4.972 

1 

0.  130 

0 

0.0 

1 

0.130 

0 

0.0 

1 

0.130 

1 

0.113 

4 

0.51  9 

« 

0.565 

1 

0.  130 

3 

0.339 

1  0 

1.299 

23 

2 .599 

1  4 

1.818 

0 

0.0 

4 

0.51  9 

4 

0.452 

4 

0.519 

7 

0.791 

0 

0.0 

9 

1  .017 

2 

0.260 

8 

0.904 

79 

10.260 

1  17 

12.220 

1 

0.  130 

1 

0.113 

1 

0.130 

C 

0.0 

4 

0.519 

6 

0.678 

2 

0.260 

0 

0.  0 

2 

0.260 

1 

0.113 

1 

0.  130 

0 

0.0 

1 

0.130 

0 

0.0 

0 

0.  0 

2 

0.226 

1 

0.  130 

1 

0.113 

2 

0.  260 

0 

0.0 

3 

0.  390 

2 

0.226 

1 

0.  130 

1 

0.113 

3  0.390 

10  1.299 

0 

9 

0.0 

1.017 

’70 

8C5 

74 

54 

3080 

3540 

2.9874 

2.2595 

0.  69  41 

0.5664 
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TREASURE  ISLAND  MOTEL  ( STATION  1)  -  CONTROL  AND  EXPERIMENTAL 

1/5/77 

(CONTINUED) 


SPECIES 


ARTHROPCCA  (CRUSTACEANS) 
AMPHIPOOA 

ACANTNOHAUSTORIUS  SP . 

IsS!l320e55KJ.1 

NjflNOCULODE  S .  SP  i 


____|£L53XL3£Btl3£i3_5£x 

OVALIPES  O  CELL  AT  US 
CARICEA 

HlEfil.UE_fl.fyf  AlAiilti 

CUWACEA 

CYCLAPS1S  VAR  IANS 


E  CH  KNOCEf*  MAT  A 

ECHINOIOEA  (SANO  DOLLARS)  URCHINS) 
MELL1TA  QUINQUIESPERFQRATA 
HCLOtTuFoIOe A  I  SEA  CUCUMBER  S ) 
iE£IifUA£IA_S£i 


h£M  1CHORCATA 

ENTEROPNEUSTA  (ACRCN  WORMS) 
UNIDENTIFIED  SP. 


CEPFALOCFORDATA  (LANCELETS) 

fiSAKififlEIfltlA-fkflSiBAE 


T3TALS 

NO.  SPECIES 
NC.  I  NO.  PER  M2 
S-W  INDEX  -  HMLN) 
EVENNESS  -  J 


35 

8.  121 

23 

4.  197 

I 

0.232 

0 

0.0 

1 

0.  232 

0 

0.0 

6 

1.  392 

1 1 

2.007 

■3 

0.696 

0 

0.0 

l 

0.  232 

10 

1.825 

2 

0.  464 

0 

0.0 

2 

0.  464 

1 

0.182 

1 

0.  232 

1 

0.  182 

1  £ 

3.  480 

4 

C.  730 

40 

9.281 

4 

0.730 

95 

22. 042 

45 

8.212 

0 

0.  0 

3 

0.547 

2 

0.464 

0 

o 

• 

© 

2 

0.464 

2 

0.365 

2 

0.464 

1 

0.  182 

1 

0.232 

0 

o 

. 

o 

I 

0.  232 

0 

c 

• 

o 

I 

0.232 

0 

0.0 

2 

0.464 

3 

0.547 

I 

0.  232 

0 

0.0 

15 

3.480 

5 

0.912 

31 

56 

546 

36 

I  724 

2192 

3. 

01  02 

1.7037 

0. 

7478 

0.4754 

84 


TREASURE  ISLAND  MOTEL  (STATICN  I)  -  CONTROL  AND  EXPERIMENTAL 

2/2/77 


SPECIES 


NO,  OF  INC.  (E.l 

fotAL  PERCENT 


NEMERTINEA  (RIBBON  WORMS) 
UNIDENTIFIED  SP  • 


16  4.222 


IE  2.693 


NEMATOOA  (RCUNDWORMS ) 
UNIDENTIFIED  SP. 


16  4.  749 


0  0.0 


M3LLUSCA  (SHELLFISH) 
GASTRCFCOA  (SNAILS) 
FLQR I  DANA 

IA 


PEL 


I  0.  264 

4  I.0S5 

C  0. 0 

I  0.  264 

1  0.264 

6  1  • 563 

2  0.528 

1  0. 264 

t  0. 264 

6  I.  563 

2  0.  £26 

7  I.  847 


C  0.0 

1  0.181 

I  0.181 

0  0.0 

O  0.0 

15  2.712 

C  0.0 

0  0.0 

0  0.0 

0  0.0 

1  0.181 

3  0.542 


ANNELIDA  (SEGMENTED  WCfiMS ) 
OLIGOCHAETA 


UN  I  CENT  IF  IEO  SP. 
POL rCHAETA 


35  9.235 

0  0.0 

1  0.264 

0  0.0 

0  0,0 

1  0 . 264 

6  1.563 

3  0.  792 

1  0. 264 

0  0.  0 

4  1. 055 

0  0.  0 

0  0.  0 

1  0.  264 

0  0.  0 

1  0. 264 

1  0.  264 

1  0. 264 

2  0.  528 

6  1. 563 

5  1.319 

0  0.  0 

1  0.  264 

C  0.  0 

0  0.  0 

1  0.264 

3  0. 792 

1  0.264 

2  0. 528 

1  0. 264 

1  0.264 

2  0.526 

15  3.958 

7  1.847 

5  1.319 


4  0.723 

1  0.181 

O  0.0 

1  0.181 

2  0. 362 

1  0.181 

C  0.0 

C  0.0 

0  0.0 

2  0.362 

4  0.723 

2  0.362 

1  0.181 

C  0,0 

2  0.362 

2  C. 362 

0  0.0 

C  0.0 

1  0.181 

325  56.770 

1  0.181 

4  0.723 

0  0,0 

2  0.362 

2  0.362 

0  0.0 

3  0.542 

0  0.0 

32  5.787 

0  0,0 

0  0.0 

1  0.181 

31  5.606 

7  1.266 

2  0 • 362 
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CONTROL  AND  EXPERIMENTAL 


i 


TREASURE  ISLAND  MOTEL  (STATION  I)  - 

3/1/77 
( CCNTI NUED ) 


SPECIES 


SI 


PLNCLL1CA  (PEANUT 


WCRMS) 


ARTHROPCCA  (CRUSTACEANS) 
AMPHIPCOA 


cxcmesh  sgj 


UN  10 ENT IF IEO  SP. 


ECHINOCERMATA 

ASTERCIOEA  (STARFISHES) 

N-E  STARS) 

jggifigtaagaua-msastfAfci 


CEPHAL OChOROAT A  (LANCELETS) 


3 

0.508 

2 

0.214 

1  t 

1.864 

26 

2.787 

0 

0.0 

1 

0.107 

♦ 

0.678 

1 

0.  107 

I 

0.  169 

4 

0.429 

1 

0.  169 

1 

0.  107 

0 

0.0 

1 

0.  107 

29 

4.915 

146 

15.648 

0 

0.0 

1 

C.  107 

12 

2.034 

0.  322 

5 

0.847 

6 

0.643 

0 

0.0 

9 

C.  965 

43 

7.288 

48 

S.  145 

2 

0.339 

C 

0.0 

0 

0.  0 

3 

C.  322 

0 

0.  0 

4 

0.429 

1 

0.  169 

0 

0.0 

57 

9.  661 

112 

12.004 

0 

0.  0 

1 

0.107 

0 

0.0 

7 

0.750 

3 

0.  508 

3 

0.322 

2 

0.  339 

4 

0.429 

1 

0.  169 

4 

0.429 

0 

0.  0 

12 

1.286 

2 

0.339 

0 

0.0 

42 

7.  119 

104 

11.147 

1 

0.  169 

0 

0.0 

0 

0.  0 

1 

0.107 

1 

0.  169 

6 

0.643 

1 

0.  169 

0 

0.0 

1 

0.  169 

1 

0.107 

2 

0.  339 

5 

0.536 

0 

0.  0 

1 

0.107 

1 

0.  169 

0 

e 

• 

o 

1 

0.  169 

0 

0.0 

1 

0.169 

7 

0.750 

8 

1. 356 

2 

0.214 

2 

0.  339 

0 

0.0 

9 

1.525 

0 

0.0 

0 

o 

. 

o 

I 

0.107 

3 

0.508 

1 

0.t07 

88 


9 


TOTALS  590  933 

NO.  SPECIES  64  62 
NO.  (NO.  PER  M2  2360  3732 
S-ft  INDEX  -  HMLNJ  3.0592  2.6117 
EVENNESS  -  J  0.7356  0.6328 


TREASURE  ISLAND  MOTEL  (STATION  (I  -  CONTROL  ANO  EXPERIMENTAL 

4/1/77 


SPECIES 


CNICAR  IA 

ACTINI  ARIA  (SEA  ANEMCNES) 
UNIDENTIFIED  SP. 


NEMERTINEA  (R  IBBON  WORMS  ) 
UNIDENTIFIED  SP. 


NEMATOOA  (ROUNDWORMS) 
UNICENT IF1ED  SP . 


MQLLUSCA  (SHELLFISH) 
GASTROPODA  (SNAILS) 
*US  ILL  A 


ANNELIDA  (SEGMENTED  WORMS) 
CLIGCO-AETA 

UNIDENTIFIED  SP. 
PCLYCHAETA 


2 

0.304 

0 

0.0 

t  1 

1.672 

17 

2.  163 

27 

4.  103 

0 

0.0 

0 

0.0 

1 

0.  127 

1 

0.152 

1 

0.  127 

1 

0.152 

0 

0.0 

1 

0.  152 

0 

0.0 

7 

1.064 

3 

0.362 

3 

0.456 

0 

0.0 

0 

0.0 

5 

0.636 

2 

0.304 

0 

0.0 

1  1 

1.672 

13 

1  .654 

31 

4.  71  1 

10 

1.272 

1 

0.  152 

0 

0.0 

1 

0.  152 

2 

0.254 

3 

0.456 

5 

0.636 

5 

0.  760 

5 

0.636 

2 

0.304 

1 

0.127 

5 

0.760 

0 

0.0 

0 

0.0 

2 

0.254 

1 

0.  152 

2 

0.254 

0 

0.0 

1 

0.127 

0 

0.0 

I 

0.  127 

20 

3.040 

4 

0.509 

1 

0.152 

2 

0.  254 

6 

0.912 

3 

0.  362 

1 

0.  152 

1 

0.  127 

1 

0.  152 

0 

0.0 

5 

0.  760 

0 

0.0 

0 

0.  0 

1 

0.127 

32 

4.  863 

1  66 

23.664 

0 

0.  0 

1 

0.127 

10 

1.  S20 

1 

0.  127 

1 

0.  152 

3 

0.362 

T 

0.  456 

1 

0.127. 

T 

0.  152 

3 

0.38? 

0 

0.  0 

1 

0.  127 

75 

1  I . 396 

37 

4.707 

0 

0.  0 

2 

0.254 

c 

0.  0 

23 

2.926 

c 

0.  0 

1 

0.127 

1 

0.  152 

0 

0.0 

8 

1.216 

1 

0.127 

3 

0.456 

4 

0.509 

0 

0.0 

6 

0.763 

0 

0.0 

1 

0.127 

90 


SPECIES 


NO. -OF  INO._(C.  )  NQ.CF_.INC.  (E«> 
TOTAL  PERCENT  TOTAL  PERCENT 


mmaiA 

Ia5aI3uA 

|F 

iiykAiA 


SIPUNCUL  10 A  (PEANUT  WORM  S ) 


ARTHROPOCA  (CRUSTACEANS) 
AMPH1P0CA 

|||g||^|iphaEA 


US  SP. 


UN  IOEnT  IF  IED  SP  • - 

A NOMURA 

ALBUNEA  PARET  II 
CARTCEJ 

^H^IXE-PUEUfi  AiANIfcA 

3<^|||ilzS^iANj 

'unidentified  SP. 

TANAIDACEA 

UNIDENTIFIED  SP. 


ECHINOOERMATA 

echinoioea  (sano  oculars;  urchins) 

MfliBa_*ia22s 

CEPHALCCHCRO AT  A  (LANCELETS) 

J3S.A&  tiilfl  .SIQ!tA_ELL.  Q3LBAE 


totals 

NO.  SPECIES 
NO.  INC.  PER  M2 
S- W  INDEX  -  H  * ( LN) 
EVENNESS  -  J 


I 

0.  152 

1 

0.127 

3 

0.456 

0 

0.0 

26 

3.  95 1 

51 

6.489 

I 

0.  152 

0 

0.0 

6 

0.912 

2 

0.254 

39 

5.  927 

24 

3.053 

24 

3.  647 

25 

3.  161 

7 

1.064 

0 

0.0 

4 

0.606 

1 

0.127 

0 

0.0 

2 

0.254 

0 

0.0 

1 

0.127 

02 

15.502 

316 

40.204 

0 

o 

• 

o 

1 

0.127 

1  4 

2.  128 

0 

0.0 

0 

0.0 

1 

0.  127 

1  3 

1.976 

0 

0.0 

I 

0.152 

I 

0.  127 

2a 

4.  255 

0 

0.0 

69 

13.526 

4 

0.509 

3 

0.456 

0 

0.0 

2 

0.304 

2 

0.254 

1 

0.  152 

0 

o 

. 

o 

1 

0.  152 

0 

0.0 

4 

0.  608 

1 

0.  127 

1 

0.  152 

1 

0.  127 

1 

0.  152 

0 

o 

. 

o 

I 

0.152 

0 

0.0 

0.  456 

1 

0.  127 

.58 

57 

78C 

52 

2632 

3144 

3. 

0944 

2.1706 

0.  7654 

0. 5493 

91 


TREASURE  ISLAND  MOTEL  (STATION  i)  -  CONTROL  AND  EXPERIMENTAL 

5/2/77 


SPECIES 


"fog  ‘ifadfo1 


TREASURE  ISLAND  MOTEL  {STATION  1)  -  CONTROL  ANO  EXPERIMENTAL 

5/2/77 

(CCNTINUEO) 


SPECIES 


ARTHROPOCA  (CRUSTACEANS) 
AMPHIPOOA 


OS 


IAM.S 


SEPT  1PUNCTAT  A 


CCH INOOER  RAT  A 

AStERO  IDEA  (STARFISHES) 

OPHToH  Cl  BE  At  t)R  ITTL E  STAR  S  ) 
UNIDENTIFIED  SP. 


HcMI CHORC A  TA 

ENTEPOPNEUSTA  (ACORN  WORMS) 
UNIDENTIFIED  SP. 


CEPHALOCMORDATA  (LANCELETS) 

fla&a&aifl3iflM&-£Lflai&as 


TOTAL  S 

NO.  SPECIES 
NO.  INC.  PER  M2 
S-fc  INDEX  -  H»(LN) 
EVENNESS  -  J 


4 

0.622 

2 

0.  483 

2 

0.31 1 

1 

0.  242 

0 

0.  0 

3 

0.725 

0 

0.0 

14 

3.  382 

I 

0.  156 

0 

0.0 

I 

0.  156 

0 

0.0 

t  1 

1.711 

0 

0.0 

157 

24.417 

89 

2  1.498 

0 

0.0 

1 

0.242 

0 

0.0 

1 

0.242 

9 

1 .400 

0 

0.  0 

3 

0.467 

1 

0.242 

0 

0.0 

1 

0.242 

0 

0.0 

2 

0.483 

I 

0.156 

0 

0.  0 

92 

14.308 

0 

0.0 

4 

0.622 

2 

0.483 

0 

0.0 

1 

0.242 

1 

0.  1S6 

0 

0.0 

1 

0.  156 

0 

0.0 

1 

0.  156 

0 

0.0 

1 

0.  156 

1 

0.242 

4 

0.  622 

1 

0.242 

3 

0.467 

0 

0.0 

1 

0.  156 

1 

0.242 

1  0.156 

0  0.  0 

1  0.156 

2  0.311 

2 

1 

0 

3 

0.483 

0.242 

0.0 

0.725 

643 

414 

55 

54 

2572 

1656 

2.7186 

2.8260 

C.  6784 

0. 7085 

93 


CONTROL  AND  EXPERIMENTAL 


TREASURE  ISLAND  MOTEL  (STATION  l>  - 

6/1/77 


SPECIES 


NEMERTINEA  (RIBBCN  WCRMS) 
UNIDENTIFIED  SP. 


NEMATOOA  (ROUNOWORMS) 
UNIDENTIFIED  SP. 


PHORCNIOA  ( FHCRON I  OS ) 

gtioscms . AS£aii££iA 


KCLLUSCA  (SHELLFISH) 


GASTROPODA  (SNAILS) 


ANNELIDA  (SEGMENTED  WORMS) 
CLI GCCHAET  A 


1  s 

3.  846 

26 

3.  194 

4 

0.  81  0 

0 

O 

• 

o 

0 

O 

• 

o 

2 

0.246 

2 

0.405 

1 

0.  123 

0 

0.0 

1 

0.  123 

0 

0.0 

1 

0.123 

0 

0.0 

4 

0.491 

0 

0.0 

57 

7.002 

1  6 

3.  239 

33 

4.054 

0 

0.0 

1 

0.  123 

4 

0.  81  0 

0 

0.  0 

I 

0.  202 

C 

0.0 

0 

0.  0 

2 

0.246 

17 

3.  441 

59 

7.248 

3 

0.  0 

2 

C.  369 

23 

4.  656 

24 

2.948 

0 

0.  0 

1 

0.  123 

0 

0.  0 

3 

0.369 

4 

0.  810 

3 

C.  369 

1 

0.  202 

2 

0.246 

0 

0.  0 

3 

0.369 

1 

0.  202 

0 

0.0 

0 

0.  0 

1 

0.  123 

0 

0.  0 

1 

0.  123 

0 

0.  0 

2 

0.246 

9 

i.  e22 

4 

0.491 

0 

0.  0 

1  1 

1.351 

0 

0.  0 

4 

0.491 

4 

0.  810 

5 

0.614 

12 

2.  429 

14 

1.720 

C 

0.  0 

1 

0.  123 

0 

0.  0 

3 

0.369 

3 

0.  607 

0 

0.0 

0 

0.  0 

1 

0.123 

7 

1.417 

1 1 

1.351 

0 

0.  0 

1 

0.123 

1 

0.202 

0 

0.0 

29 

5.  870 

51 

6.265 

9 

1. 822 

6 

0.737 

4 

0.  810 

0 

0.0 

0 

0.0 

6 

0.737 

0 

0.  0 

3 

0.369 

0 

0.0 

1 

0.123 

1  0 

2.024 

0 

0.0 

99 

20. 040 

1  50 

1  8.428 

2 

0.405 

0 

0.0 

27 

5.  466 

26 

3.194 

94 


MICROCOPY  RESOLUTION  TEST  CHART 
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APPENDIX  a  (CONTINUED) 


———————— . . .  —  . .  — - -  —  - .  . -  ■  -  — —  -  ■ 

TREASiRE  ISLAND  MOTEL  (STATION  1)  -  CONTROL  AND  EXPERIMENTAL 

6/1/7? 

(CONTINUED) 


SPECIES 


NO.  OP  1ND.1C.)  NO.  Cf  1 NC.  <E.) 

rut  SL  percent  ffif  II  per  Sen  f 


TOTALS  ADA 

NO.  SPECIES  55 

*•“  I  NO.  PER  M2  1976 

INDEX  -  HMLN)  3.3330 

EVENNESS  -  J  0.  S3 1 7 


69 
3256 
3.1985 
0. 7556 


6  14 


TREASURE  ISLAND  MOTEL  (STATION  I)  -  CONTROL  AND  EXPERIMENTAL 

7/5/77 


SPECIES 


NO.  OF  IMP  »  (  C.  )  NO,. OF  I NO.  (E.) 

TotlL  pSrcent  TOTAL  PERCENT 


CNUAR1A 

ACTI  MARIA  (SEA  ANEMONES) 
UN  IDENTIFIED  SP  . 

PLATVHELMINTFES 

TURBELLARI A  (FLATWCRMS) 
UNIDENTIFIED  SP. 

NEMERT1NEA  (RIBBON  NORMS) 
UNIDENTIFIED  SP. 

NEMATODA  (ROUNDWORMS) 
UNIDENTIFIED  SP. 

MOLLUSCA  (SHELLFISH) 
GASTROPODA  (SNAILS) 


ANNELIOA  (SEGMENTED  WORMS) 
CLICCCHAETA 


UNIDENTIFIED  SP. 
POL VCHAETA 


0 

O.  0 

1 

0.204 

3 

0.  368 

0 

0.0 

25 

3.  064 

IS 

3.055 

S 

0.613 

0 

o 

* 

o 

28 

3.  431 

0 

0.0 

0 

0.0 

1 

0.204 

0 

0.  0 

1 

0.204 

0 

0.  0 

1 

0.204 

I 

0.  123 

0 

0.0 

1  0 

1.225 

0 

0.0 

73 

8.946 

25 

5.092 

2 

0.245 

0 

0.0 

3 

0.  368 

c 

0.0 

■» 

V* 

0.  368 

2 

0.407 

14 

1.  716 

14 

2.851 

8  1 

9.926 

58 

11.813 

2 

0.  245 

0 

0.0 

14 

1.  716 

1 

0.204 

2 

0.245 

2 

0.407 

0 

0.  0 

1 

0.204 

3 

0.  368 

6 

1.222 

4 

0.  490 

2 

0.407 

0 

0.  0 

1 

0.204 

0 

0.  0 

2 

0.407 

0 

0.  0 

1 

0.204 

0 

0.  0 

1 

0.204 

14 

1.  716 

3 

0.61 1 

0 

0.  0 

1 

0.204 

0 

0.  0 

3 

0.611 

5 

0.  613 

1 

0.204 

41 

5.  025 

16 

3.259 

0 

0.0 

1 

0.204 

8 

0.  980 

1  1 

2.240 

1 

0.  123 

0 

0.0 

1 

0.  123 

0 

0.0 

6 

0.735 

1 

0.204 

1 

0.  123 

0 

0.0 

54 

1  8. 873 

90 

18.330 

24 

2.  941 

1 

0.204 

3 

0.368 

1 

0.204 

2 

0.  245 

0 

0.0 

2 

0.245 

0 

0.0 

12 

13.  725 

129 

26.273 

TREASURE  ISLAND  MOTEL  (STATICN  II  -  CONTROL  AND  EXPERIMENTAL 

7/5/77 

(CONTINUED! 


SPECIES 


NO. -IF  I  NO*  (C.  )  NO.  CF  INC.  (E.I 
TOTAL  PERCENT  TOTAL  PERCENT 


0.  245 
2.  696 
I.  103 
0.  123 
1.  225 
0.  368 
0.  245 
0.  245 
1. 593 
0.  123 
0.  123 
0.245 
0.123 
0.  123 


0.204 

2.037 

0.0 

0.0 

5.295 

0.0 

1.629 

0.407 

1.018 

0.0 

0.0 

0.0 

0.0 

2.648 


S 1PUNCUL  IOA  (PEANLT  WORMS) 
UNIDENTIFIED  SP. 


0.  123 


ARTHRCPCO A  (CRUSTACEANS) 
AM^ 


IPIUM  SP. 

ifteB  sp. 


M. 

aeus-seji 


AFC MURA 

AL&LNEA_PABET11 
BB  ACHY  USA 


Iiai)_£HAEI2PI£a4NA 

piA-B£IlM£NS 


CUMACE A 


gMBflSLSlS 


PEMAEUS  DUQRARUM 


0.  123 
0.123 
1.103 
0.123 
0.490 
0.368 
0.123 
2.696 
2.  574 
0.  123 


0.123 

0.368 


0.  245 
1. 838 
0.0 

0.  123 


0.0 

0.0 

1.426 

0.0 

0.407 

0.0 

0.0 

0.204 

0.0 

0.0 

0.204 


0.204 

0.204 

0.0 

0.815 

0.407 

C.407 


ECHINOOERMATA 

ASTERG10E A  (STARFISHES) 


ASTRCPECTEN , ART 1 CULA TUS 

ec Find 16ea  TsAnSdollarI ;  urchins) 

0 

O 

• 

o 

1 

C.  204 

MELL1TA  CUiyGy IEiPERECBAI A 

hclcthuTcTdea  tsea  ojcumBerS  ) 

2 

0.245 

0 

e 

• 

o 

LEPTCgYNAPTA  SP. 

OPHILRCTDEA  (BRITTLE  STARS) 

0 

0.  0 

10 

2.037 

UNIDENTIFIED  S3. 

0 

o 

• 

o 

1 

0.204 

:M ICHORC AT  A 

ENTEROPNELSTA  (ACRON  WCRMS) 
UNIDENTIFIED  SP. 

2 

0.245 

0 

0.0 

CEPHALOCFCRCATA  (LANCELETS) 
B8AMCB10SIQMA  FLQRIOAE 


0.  980 


CONTROL  AND  EXPERIMENTAL 


TREASLRE  ISLAND  MOTEL  (STAT2CN  l>  - 

1/5/77 
(CONTINUED) 


SPECIES 


Mfl.,CF  IMP#  iC. 1  NQ.Cf  INC.  IE.) 

TOVS.  PERCENT  TOTAL  PERCENT 


TOTALS 

NO.  SPECIES 
NO.  INO.  PER  M2 
S-*  INOEX  -  HMLN) 
EVENNESS  -  J 


816 

64 
3264 
3.0  767 
0.  7398 


491 

49 

1964 

2.6678 

0.6855 


TREASURE  ISLANC  MOT EC  (STATION  1)  -  CONTROL  AND  EXPERIMENTAL 

8/2/77 


SPECIES 


NQ«  OF  IMQa-X&aI  NQ.  Qf  I  NO.  (  E  .  ) 

TotAL  Percent  toTXl  percent^ 


i5n-i  pifn4:»f  a*rw 

|<n:i  ljfo4:lf»(4u 


CONTROL  AND  EXPERIMENTAL 


TREASCRE  ISLAND  MOTEL  {STATIC*  1)  - 

1/2/7? 
(CONTINUED) 


SPECIES 


NO.  OF  I  NO,  1C.  )  M|C£JNC|  (E.  I 

TOT  38.  PERCENT  fOfJL  PEM§n“ 


SIPUNCULICA  (PEANUT  WORMS) 
UNIDEKTIFIE0  SP. 


ECHIUR1DA  (ECHIURIDS) 
UNIDENTIFIED  SO. 


ARTTROPOCA  (CRUSTACEANS) 
AMPH1PCCA 


0 

0.  0 

2 

0.274 

0 

0.  0 

10 

1.370 

10 

0.  774 

24 

3.288 

0 

0.  0 

3 

0.411 

0 

0.  0 

14 

1.918 

4 

0.  310 

0 

0.0 

65 

S.  031 

7 

0.959 

0 

0.  0 

1 

0.137 

4 

0.  310 

3 

0.411 

16 

1.238 

4 

0.548 

1 

0.  077 

1 

0.137 

IS 

1.  161 

2 

0.274 

4 

0.  310 

0 

0.0 

0 

0.  0 

11 

1.507 

9 

0.697 

4 

0.548 

0 

0.0 

2 

0.274 

1 

0.  077 

0 

0.0 

96 

7.  430 

75 

10.274 

1 

0.077 

0 

0.0 

2 

0.  155 

1 

0.137 

1 

0.  077 

0 

0.0 

2 

0.  155 

1  09 

14.932 

6 

0.464 

0 

0.0 

6 

0.  464 

0 

0.0 

C 

0.0 

3 

0.411 

1 

0.  077 

0 

0.0 

1 

0.  077 

1 

0.137 

0 

0.0 

2 

0.411 

1 

0.077 

C 

0.0 

46 

3.560 

9 

1.233 

1 

0.  077 

2 

0.274 

0 

0.  0 

2 

0.274 

20 

1.  548 

1 

0.137 

20 

1.  548 

e 

1.096 

2 

0.  155 

0 

0.0 

2 

0.  155 

0 

0.0 

0 

0.0 

8 

1.096 

2 

0.  155 

0 

0.0 

0 

0.0 

2 

0.274 

1 

0.077 

0 

0.0 

0 

0.0 

6 

0.822 

1 

0.  077 

1 

0.137 

0 

0.0 

3 

0.41 1 

6 

0.464 

4 

0.548 

TREASURE  ISLAND  MOTEL  (STATICN  1)  -  CONTROL  ANO  EXPERIMENTAL 

8/2/77 

(CONTINUED) 


SPEC  IES 


LEPTOSTRACA 

MIBftViA  5£i  8 

mysiBaceX 

unidentified  sp.  4 

PENAIDEA 

Itafeus  CONSTRICTUS  c 

echinooermata 

ECHINCICEA  (SAND  DOLLARS;  URCHINS) 


H CLOTH URoTdEA  ( SEA  CUCUMBER  S) 
OPHJORCTBeT  (BRITTLE  STARS) 


0.619 

0.232 

0.310 

0.  1SS 
0.  077 
0.  0 


0.  1SS 
0.  155 

0.310 

0.  0 
0.  1 55 
0.  077 


0.274 


0.959 

0.0 
0.137 
1  .507 


0.0 

4.658 

0.274 

0.137 

0.0 

0.0 


HEM ICHORCATA 

ENTERCF NELSTA  ( AC  CRN  WORMS) 
UNIDENTIFIED  SP. 


0.  077 


0.  137 


CEPHALOCMJROAT  A  (LANCELETS) 

BBAb£tlL£.SI£MA  FLORIDA^ 


0.774 


VERTEBRATA 

PISCES  (FISHES) 

GOBI 10AE .  UNIDENTIFIED  SP. 


0.  077 


TOTALS 

NC.  SPECIES 
NO.  IND.  PER  M2 
S-W  INOEX  -  H* ( LN ) 
EVENNESS  -  J 


1292 

80 
5168 
3.  0096 
0.6868 


730 

70 

2520 

3.2331 

0.7610 
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TREASURE  ISLAND  MOTEL  ISTAT1CN  1)  -  CONTROL  AND  EXPERIMENTAL 

9/1/77 

(CONTINUED) 


SPECIES 


NC.OF  INCljEf) 
TOf AL^PER^ENT 


1  0.112 

1  0.112 

1  0.112 

0  0. 0 

14  1.S68 

5  0. 560 

22  2.464 

1  0.112 

25  2.800 

0  0.0 

6  0.672 

2  0.224 

1  0.112 

10  1.120 

3  0.336 

1  0.112 

0  0.0 

1  0.112 


0  0.0 

0  0.0 

0  0.0 

1  0.909 

1  0.909 

1  0.909 

1  0.909 

'  0  0.0 

O  0.0 

5  4.54 

0  0.0 

0  0.0 

0  0.0 

2  1.818 

0  0.0 

0  0.0 

I  0.909 

0  C.O 


SIP INC  UL I CA  (PEANUT  NCRMS) 

AflkfJJl&IA-LaiCaSSEEtl&kA 


0.112 


o  o.o 


ARTHROPOCA  (CRUSTACEANS) 


AMPHIPCOA 


OSTRACCOA 

UNIDENTIFIED  SP . 


PENAIOEA 

AC El  ES- AM ERIC ANUS 


3  0.336 

6  0.672 

2  0.224 

1  0.112 

28  3.135 

13  1.456 

2  0.224 

5  0.560 

0  0.0 

2  0. 224 

14  1.568 

1  0.  1 1 2 

0  0.0 

0  0.0 

1  0.112 

1  0.112 

0  0.0 


O  0.0 

0  0.0 

0  0.0 

O  0.0 

0  0.0 

0  0.0 

0  0.0 

0  0.0 

1  0.909 

0  0.0 

0  0.0 

0  0.0 

2  1.818 

2  1.818 

0  0.0 

0  0.0 

2  1.818 


SCMINODERMA ta 

ECHINOICEA  (SAND  00LLARS1  URCHINS) 


HC 


SPEBFORAT  A 
CUCUMBERS  ) 

LEPT03YNAPTA  SP. 

OPhTuROIDeA  iBfiiTT LE  STARS) 


HEM1PNOL1S 


l 

6 


0 

3 


0.112 

0.672 


0. 

0. 

0. 


0  0.0 

0  0.0 


0 

0 

336 


1 

28 

0 


0 

as 

o 


TREASURE 


ISLAND  MOTEL  {STATION  l)  -  CONTROL  AND  EXPERIMENTAL 

9/1/77 

(CONTINUED) 


SPECIES 


"Vltff  mztit1  “faff  ‘UfoiEt1 


UNIDENTIFIED  SP. 

1  0.112 

5 

4.545 

CEPHALCCHCRD AT A  (LANCELETS) 
BRANCHIO STOMA  FL QSlfiAE 

6  0. 672 

C 

0.0 

VERTE8RATA 

PISCES  (FISHES) 

51  Mftiif  V  S_S£L« 

2  0.224 

0 

o 

. 

o 

TOTALS 

NO.  SPECIES 

NC.  I  NO.  PER  M2 

S-A  INDEX  -  H* ( LN) 

EVENNESS  -  J 

893 

70 

3572 

2.  8562 

C.  6723 

110 

32 

440 

2.8449 

0.  8209 
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TREASURE  ISLANO  MOTEL  (STAT1CN  1)  -  CONTROL  ANO  EXPERIMENTAL 

10/3/7  7 


CN1CARIA 

ACT  INI ARI A  (SEA  ANEMCNES) 
UNIDENTIFIED  SP. 


PL  ATYHELF  INT FES 

TLR8ELL  ARIA  (FLATWCRMS) 
UNIDENTIFIED  SP . 


NEMERTINEA  (RIBBON  FORMS) 
UNIDENTIFIED  SP. 


NEMATODA  ( ROUND MO RMS ) 
UNIDENTIFIED  SP. 


PHOFONIOA  (PHCRON IDS ) 

PHQ3t!iL5-AB£HllE£lA 


FOLLUSCA  (SHELLFISH) 
GASTRCFCDA  (SNAILS) 


lSStX22Sfijyii_MyBl£&IU!S 


ANNELIDA  (SEGMENTED  FCRMS) 
OL IGOCHAETA 

umoentified  SP. 

POLYCHAETA 

iisppiiai^ 

|lSb|_ki£lEA 

fiLSpA-lalSliANA 


H-fWJIS 


iilffiL* 


2 

0.  379 

2 

0.504 

2 

0.  379 

4 

1.008 

1  7 

3.220 

13 

3.275 

4 

0.7S8 

1 

C  .252 

0 

o 

• 

o 

1 

0.252 

0 

0.  0 

1 

0.252 

0 

0.  0 

e 

2.015 

1 

0.  189 

c 

0.0 

0 

0.  0 

i 

0.252 

1 

0.  189 

c 

0.0 

1  7 

3.220 

2 

0.504 

6 

1  .  136 

16 

4.030 

2 

0.379 

e 

1.51  1 

0 

0.0 

l 

0.252 

8 

1.515 

0 

0.0 

39 

7.386 

32 

6 .060 

1 

0.189 

0 

0.0 

24 

4.545 

12 

3.023 

1 

0.  189 

1 

0.252 

0 

0.  0 

1 

0.252 

3 

0.568 

1 

0.252 

1 

0.  189 

0 

0.0 

1 

0.  189 

1 

0.252 

3 

0.568 

0 

0.0 

0 

0.0 

1 

0.  252 

7 

1.326 

5 

1.259 

2 

0.379 

9 

c.  267 

1 

0.189 

•s 

1.259 

0 

0.  0 

12 

3.023 

1  1 

2.  083 

5 

1.259 

1 

0.  189 

0 

0.0 

6 

1.  136 

3 

0.7S6 

20  7 

39. 205 

1  07 

26.952 

6 

1.  136 

27 

6.801 

0 

0.  0 

1 

0.252 

1 

0.  189 

4 

1.008 

2 

0.  379 

0 

C.  0 

1 

0.  189 

0 

0.0 

15 

2.  841 

4 

1.008 

0 

0.  0 

2 

0.504 

4 

0.  758 

e 

1.51  l 
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TREASURE 


ISLAND  MOTEL  (STATICN  I)  -  CONTROL  AND  EXPERIMENTAL 

10/3/  77 
(CONTINUED) 


SPECIES 


H^nnata 

pl“ 

StMlQ£IEE3_Qii«.AVv5 


SIPUNCULICA  (PEANUT  WCRMS) 
UNIDENTIFIED  SP; 


ART  FROPOC A  (CRUSTACEANS! 
A  APH  IF  CCA 

™gifeieip. 

lTJtriella  sp. 
pSeICqplSIyi schnopus 


hnqpus  SP. 


A NC MURA 

PINN1XIA  SAYA NA 

£B££J^i_±£MPjOLLl 

CUM ACE A 

8£1A||I£_S£a  ^ 

nfsyiSisfiAEi1 

MVSIDACEA 

UNIDENTIFIED  SP. 

PENAIOEA 

ksHSilillSi^fiSNsiaisiys 


ECH INODERAATA 

E  CHI  NO  I DE  A  (SAND  DOLLARS;  URCHINS) 
MQ  IRA  ATFQp5 

ophiurcTcea  Tbr ITTLE  STARS) 


BSK 


CEPHALOCHCROATA  ( LANCELE7  S ) 

EBA&giHflSIQgA.fLfl31BAf 


1 

0 . 189 

0 

0.  0 

18 

3.409 

25 

e.297 

1 

0.189 

0 

0.0 

1 

0.189 

0 

0.  0 

2 

0.  379 

1 

0.252 

6 

1.  136 

2 

0.504 

1  1 

2.  083 

5 

1.259 

0 

0.  0 

1 

0.252 

0 

0.  0 

2 

0.504 

2 

0.  379 

0 

0.0 

4 

0.  758 

1 

0.252 

7 

1.  326 

1 

0.252 

2 

0.  379 

1 

C.  252 

3 

0.  568 

0 

0.0 

2 

0.  379 

1 

0.252 

1 

0.  189 

0 

0.0 

1  4 

2.  652 

l 

0.252 

2 

0.  379 

2 

0.504 

1  6 

3.  03  0 

19 

4.786 

4 

0.758 

7 

1.763 

C 

0.  0 

1 

0.252 

3 

0.  568 

3 

0.756 

0 

0.  0 

1 

0.252 

2 

0.  568 

C 

0.0 

i 

0.  189 

1 

0.252 

4 

0.  758 

7 

1  .763 

2 

0.  379 

2 

0.504 

1 

0.  189 

2 

0.504 

0 

0.  0 

1 

0.252 

2 

0.  379 

2 

0.504 

1 

0.  189 

C 

C.O 

1 

0.  189 

1 

0.252 

1 

0.  189 

2 

C.  504 

2 

0.379 

0 

0.0 

0 

0.  0 

1 

0.252 

7 

1.326 

5 

1.259 

1 

0.  189 

0 

0  .0 

2 

0.379 

1 

0.252 

3 

0.568 

3 

0.756 

107 


TREASURE  ISLAND  MOTEL  (STATION  |>  -  CONTROL  ANO  EXPERIMENTAL 

10/3/77 

(CONTINUED) 


SPECIES 


"fetg'  Hftttfi* 


TOTALS 

NO.  SPECIES 
NO.  INO.  PER  M2 
S-W  INDEX  -  MMLN) 
EVEAAESS  -  J 


52  e 

64 

2112 
2.  8345 
0.681 S 


3S7 

61 

tses 

3.  1  138 
0.7575 
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TREASURE  I  SLA  NO  MOTEL  (STATION  1)  -  CONTROL  ANO  EXPERIMENTAL 

1 1/1/77 


CNICARIA 

ACT1NI ARIA  (SEA  ANEMONES) 
UNIOENT  IFIED  SP  • 

PLA1YHELMNTHES 

TUR8ELLARIA  (FLATWORMS) 
UNIOENT IF IEO  SP. 

NEMERTINEA  (RI8BCN  WORMS) 
UNIOENT IFIEO  SP. 

PHORONIOA  ( PHORON IDS ) 

phcrcms  arch ITECIA 

MOLLUSCA  (SHELLFISH) 

CAST  ROPGCA  (SNAILS) 


0 

0.0 

1 

0.326 

2 

0.275 

1 

0.328 

29 

3.  994 

27 

6.852 

1 

0.  138 

0 

e 

• 

o 

4 

0.551 

4 

1.311 

1 

0.  138 

1 

0.328 

0 

0.0 

1 

0.328 

4 

0.551 

0 

0.0 

4 

0.551 

1 

0.328 

3 

0.413 

0 

0.0 

0 

0.  0 

2 

0.656 

1 

0.  138 

0 

0.0 

4 

0.551 

c 

0.0 

10 

1.377 

5 

1.639 

0 

0.  0 

1 

0.328 

1  0 

1.377 

0 

0.0 

1 

0.  138 

0 

0.0 

0 

0.  0 

3 

0.984 

1 

0.  138 

0 

0.0 

29 

3.  994 

6 

1.967 

ANNELIDA  (SEGMENTED  WORMS) 
CLIGCCHAETA 

UNIDENTIFIED  SP. 
POLVCHAETA 


19 

2.  617 

4 

1.31 1 

1 

0.138 

1 

0.328 

0 

0.  0 

1 

0.328 

3 

0.  413 

6 

1.967 

I 

0.  138 

0 

0.0 

7 

0.  964 

0 

0.0 

1 

0.  138 

0 

0.0 

1 

0.  138 

0 

0.0 

1 

0.  138 

0 

0.0 

1  0 

1.377 

1 

0.328 

1 

0.  138 

0 

0.0 

1  3 

1. 791 

1 

0.328 

0 

0,0 

1 

0.328 

8 

1.  102 

2 

0.656 

2 

0.275 

25 

8.197 

4 

0.551 

2 

0.656 

1 

0.138 

0 

0.0 

1 

0.138 

0 

0.0 

2 

0.275 

0 

0.0 

0 

0.0 

1 

0.328 

2  35 

32.369 

47 

18.410 

20 

2.755 

3 

0.984 

0 

0.0 

1 

0.328 
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OTTOrc?4tx 

fyjj4i»TTyf 


I -4:?  CM:}*  £ 
•total**'  ^ 


SIPUNCUL1CA  (PEANUT  MORNS) 

sfitfi±aiA-ifiiaia&£eBALA 


ARThROPOCA  (CRUSTACEANS) 
AMPHtPCOA 


aseys-SPi 


ANCP1 


CALL |>N ASS A  JAMA 1CENSE 
jfiiCE V 


NEBALIA  SP. 

nmsioaCea 


-ISIlfli 


UNICCAT IP1EO  SP • 
PENA  IOC  A 

UNIDENTIFIED  SP. 


echinooernata 

ECHlNOtCEA  (SAND  DOLLARS •  URCHINS) 


UtE  SPERFCRAT  A 
TtTl£  STARS) 
RAC  ILL  I  HA 

IjSSSeBIBi 


0.  136 

2 

0.656 

0.275 

0 

0.0 

1. 515 

7 

2. 295 

0.689 

6 

1.967 

t.  102 

7 

2.295 

0.  0 

1 

0.328 

5.  096 

75 

24.590 

0.  689 

0 

0.0 

0.275 

1 

0.328 

0.  138 

0 

0.0 

0.  138 

0 

0.0 

0.  138 

1 

0.328 

5.234 

2 

C.  656 

3.  168 

4 

1.311 

0.  138 

0 

0.0 

0.  413 

1 

0.328 

0.  1 36 

0 

0.0 

0.275 

0 

o 

• 

o 

3 

0.  413 

1 

0.328 

5 

0.  275 

1 

0.328 

3 

0.413 

c 

0.0 

22 

3.  030 

26 

8.525 

to 

1.377 

2 

0.656 

3 

0.  413 

1 

0.328 

0 

0.  0 

1 

0.328 

7 

0.  964 

0 

0.0 

1 

0.  138 

1 

0.328 

0 

0.  0 

1 

0.328 

0 

0.0 

1 

0.328 

10 

1.377 

1 

0.328 

3 

0.413 

2 

0.656 

a 

1.  102 

1 

0.328 

l 

0.  138 

3 

C.984 

i 

0.  138 

0 

0.0 

i 

0.  138 

C 

0.0 

3 

0.413 

1 

0.328 

l 

0.  138 

0 

o 

. 

o 

1 

0.  138 

c 

o 

. 

e 

2 

0.275 

0 

0.0 

55 

7.  576 

0 

0.0 

3 

0.413 

3 

0.984 

0 

0.0 

l 

0.328 

CEPHALOCHORDATA  (LANCELETS) 


no 


CONTROL  A NO  EXPERIMENTAL 


TREASURE  ISLAND  MOTEL  (STATION  U  - 

1 1/  1/77 
(CONTINUED) 


NQ.  OF  INP.  (C,  )  NO.  OF  I  NO,  (E. ) 
TOTAL  PERCENT  Tut  Jl  rERCeNT 


9  1.240 


0.656 


TOTALS 

NO.  SPECIES 
NO.  I  NO.  PER  M2 
S-W  INDEX  -  H * ( LN ) 
EVENNESS  -  J 


726 

72 
2904 
.  3.  0299 

0. 70ES 


305 

54 

1220 
2.6764 
0.721  1 


CONTROL  t  EXPERIMENTAL 


TREASURE  I SLA NO  MOTEL  1ST  AT ION  I) 

7/11/77 


SPECIES 


AQ.  GF  ItfQf  jiCjl  NQ.  CF  IfeC*  (£t) 
TofAL  percent  toTal  percent 


CN ID AR  I A 

ACTINIARIA  (SEA  ANEMONES) 
UMOEKTIFIEO  SP. 


PLA1YHELMNTHES 

T UR BELL ARIA  (FLATWORMS) 
UNIDENTIFIED  SP. 


NENERTINEA  (PIBBCN  WCRMS) 
UNIDENTIFIED  SP. 


NEMATODA  (ROUNDWORMS) 
UNIDENTIFIED  SP. 


BRACHI OPOCA  (LAMP  SHELLS) 

fiLQTIIfilAPrS^iliaAIA 


ANNELIDA  (SEGMENTED  WCRMS) 
OLIGOCFAETA 

UN  IDEM  IFI  ED  SP. 
PQLYCHAET  A 


1 

0.048 

S 

0.330 

2 

0.  09S 

5 

0.330 

s  t 

2.  425 

52 

3.435 

9 

0.428 

0 

o 

. 

o 

8 

0.380 

4 

0.264 

I 

0.048 

0 

0.0 

39 

1.854 

1 

0.066 

I 

0.048 

0 

0.0 

2 

0.095 

0 

0.0 

2 

0.095 

6 

0.396 

18 

0.856 

1 

0.066 

6 

0.285 

0 

0.0 

1 

0.048 

0 

0.0 

3 

0.143 

3 

0.  198 

I 

0.048 

0 

0.0 

52 

2.473 

0 

0.0 

0 

0.0 

3 

0.198 

167 

7.941 

45 

2.972 

8 

0.380 

1 

0.066 

4 

0.190 

0 

0.0 

0 

0.0 

1 

0.066 

1 

0.048 

1 

0.066 

3 

0.143 

0 

0.0 

20 

0.951 

9 

0.594 

(82 

8.654 

68 

4.491 

35 

1.664 

17 

1.123 

I 

0.048 

0 

0.0 

7 

0.333 

12 

0.793 

1 

0.048 

0 

0.0 

10 

0.476 

19 

1.255 

5 

0.238 

0 

0.0 

0 

0.0 

1  1 

0.727 

0 

0.0 

5 

0.330 

0 

0.0 

1 

0.066 

6 

0.285 

0 

0.0 

1 

0.048 

0 

0.0 

S3 

2.520 

IS 

0.991 

0 

0.0 

1 

0.066 

0 

0.0 

5 

C.330 

to 

0.476 

0 

0.0 

104 

4.945 

102 

6.737 
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CONTROL  t  EXPERIMENTAL 


TREASURE  ISLANO  MOTEL  (STATION  t>  - 

7/11/77 

(CONTINUED) 


SPECIES 


NO.  OF  IND.  (E.) 

toYal  perCCnt 


o  o.o 

18  0.856 

2  0.095 

4  0.190 

1  0.048 

3  0.143 

0  0.0 

1  0.048 

391  18.592 

22  1.046 

0  0.0 

3  0.143 

5  0.238 

0  0.0 

1  0.048 

3  0.143 

0  0.0 

4  0.190 

280  13.314 

0  0.0 

1  0.048 

54  2.568 

5  0.238 

5  0.238 

1  0. 048 

S3  2.520 

6  0. 285 

2  0.095 

3  0.143 

1  0.  048 

1  0.048 

27  1.284 

1  0.048 

4  0.190 

0  0.0 

4  0.190 

0  0.0 

6  0.285 

2  0.095 

2  0.095 

2  0.095 

0  0.0 

0  0.0 

18  0.856 


1  0.048 


2 

0.132 

15 

0.991 

0 

0.0 

4 

0.264 

4 

0.264 

3 

0.198 

2 

0.132 

0 

0.0 

249 

16.446 

6 

0.396 

1 

0.066 

2 

0.132 

1 

0.066 

1 

0.066 

0 

0.0 

2 

0.  132 

2 

0.  132 

4 

0.264 

391 

25.826 

2 

0.132 

2 

0.  132 

37 

2.444 

0 

0.0 

4 

0.264 

0 

0.0 

148 

9.775 

0 

0.0 

6 

0.396 

2 

0.132 

0 

0.0 

2 

0.132 

12 

0.793 

0 

0.0 

0 

0.0 

1 

0.066 

0 

0.0 

1 

0.066 

6 

0.396 

0 

0.0 

0 

0.0 

0 

0.0 

1 

0.066 

1 

0.066 

27 

1.783 

0 

0.0 

ARTHROPOCA  (CRUSTACEANS) 
AMPHIPOCA 


2 

0.095 

0 

0.0 

1  1 

0.523 

2 

0.  132 

5 

0.238 

0 

0.0 

40 

1.902 

37 

2.444 

1 

0.  048 

2 

0.132 

3 

0.  143 

2 

0.132 

2 

0.095 

0 

0.0 

1 

0.  04  8 

0 

0.0 

12 

0.571 

3 

0.198 

1 

0.  048 

1 

0.066 

2 

0.095 

1 

0.066 

TREASURE  ISLAND  MOTEL  (STATION  1)  -  CONTROL  6  EXPERIMENTAL 

7/11/77 

(CONTINUED) 


SPECIES 


TOTAL  PERCENT 


ANOMU 

Ai,gJkLMA.f  Affilll 
3R ACHY USA  DRICA 


CARICEA 


CURA? 


UNIDENTIFIED  SP. 


PHAgQSIfilS 

>LlNCI  C  AU  C  ATU  S 

III! 


^NcfjAL 


leptcstpaca 

NEBAL1A  SP. 

mvsiBaceJ 

UNIDENTIFIED  S». 

OSTRACCCA 

UN  10 ENT  IF IEO  SP. 

PENA IDE A 

A^AtmesaUikWA-flliimiEMSJLS 


ECH  I  NODERMA TA 

HOL  OTHURC I DEA  (SEA  CUCUMBERS) 

0PfleBicEHBAfi*ii<5-fcysaegflMS  * 

LN IDENTI F I ED  SP. 


HEM  ICHORCATA 

ENT ERCFNEUST A  ( ACGRN  MORNS) 
LNIOENT IF  I ED  SP. 


CEPHALOCHOROATA  (LANCELE1S) 

^Amtiosi&MA_£LQsia&£ 

VERTEBRA  TA 

PISCES  (FISHES) 

tt£J!l£IJEf££)£IUS_DQ^4fiyL4 


TOTALS 

KC.  SPECIES 
NO.  INO.  PER  M2 
S-M  INDEX  -  HMLN) 
EVEPKESS  -  J 


6 

0.265 

0 

0.0 

0 

0.0 

1 

0.066 

26 

1  .236 

IS 

0.991 

66 

3.233 

40 

2.642 

0 

o 

. 

o 

1 

0.066 

4 

0.  190 

0 

0.0 

0 

0.  0 

12 

0.793 

6 

0.  285 

0 

0.0 

0 

0.0 

6 

0.396 

0 

0.0 

2 

0.132 

0 

0.  0 

1 

0.066 

5 

0.238 

3 

0.198 

1  s 

0.  903 

4 

C.  264 

82 

3.  699 

22 

1.453 

24 

1.  141 

5 

0.330 

1 

0.  048 

1 

0.066 

1 

0.048 

1 

0.066 

1 

0.  048 

0 

o 

. 

o 

0 

o 

• 

o 

2 

0.  132 

1 

0.048 

0 

0.0 

3 

0.  143 

11 

0.727 

1 

0.  046 

0 

0.0 

6 

0.  285 

3 

0.198 

1 

0.  04  8 

0 

o 

. 

o 

14 

0.666 

2 

0.132 

2 

0.095 

0 

o 

. 

o 

i  03 

99 

1514 

61 

3365 

2422 

3.  230  1 

2.8904 

0 

.7029 

0.6E77 

114 


CONTROL  6  EXPERIMENTAL 


SUN  C  SWIM  MOTEL  (STATION  2)  - 

7/  15/77 


SPECIES 


CN  IOAR  I A 

ACT  INI AR IA  (SEA  ANEMONES) 
UNIDENTIFIED  SP. 


PLATYMELWINTHES 

TUR8ELL  AR I  A  (FLATWORMS) 
UNIDENTIFIED  SP. 


NcMERTINEA  (RIBBON  MORNS) 
UNIDENTIFIED  SP. 


NEMATOOA  (ROUNDWORMS  ) 
UNIDENTIFIED  SP. 


dRACHlOPOCA  (LAMP  SHELLS) 

MOLLLSCA  (SHELLFISH) 
GASTROPCC A  (SNAILS) 


ANNELIOA  (SEGMENTED  WORMS) 
QL IGOCFAE TA 


UNIDENTIFIED  SP. 
POLVCHAETA 


t 

O.  043 

0 

o 

• 

o 

12 

0.512 

16 

0.663 

57 

2.  432 

45 

1 .864 

16 

0.  691 

10 

0.414 

t  0 

0*4?  f 

10 

0.414 

0 

'.0 

1 

0.041 

19 

0.81 1 

32 

1.326 

0 

0.0 

1 

0.041 

1 

0.  043 

4 

0.166 

4 

0.  171 

4 

0.166 

21 

0.896 

ie 

0.663 

to 

0.427 

2  1 

0.670 

1 

0.043 

l 

0.041 

0 

0.0 

■» 

0.124 

3 

0.128 

0 

0.0 

1 

0.043 

2 

0.083 

2 

0.085 

0 

0.0 

1 

0.043 

1 

0.041 

3 

0.  128 

2 

0.083 

41 

l  .  749 

44 

1.823 

5 

0.213 

16 

0.663 

2 

0.085 

0 

0.0 

191 

8.148 

19 

0.787 

0 

0.  0 

1 

0.041 

1 

0.043 

0 

0.0 

5 

0.213 

18 

0.746 

0 

0.0 

1 

0.041 

6 

0.256 

4 

0.  166 

19 

0.81  1 

9 

0.373 

262 

11.177 

196 

C.  119 

3 

0.128 

9 

0.373 

5 

0.213 

0 

0.0 

53 

2.261 

45 

1.864 

46 

1  .962 

55 

2.278 

2 

0.  085 

6 

0.249 

9 

0.384 

2 

0.083 

7 

0.299 

0 

0.0 

0 

0.0 

1 

0.041 

0 

0.0 

2 

0.083 

10 

0.427 

13 

0.539 

13 

0.555 

2  1 

0.670 

IIR 


SUN  t  SWIM  MOTEL  (STATION  2)  -  CONTROL  &  EXPERIMENTAL 

7/ 15/77 
(CONTINUED) 


SPECIES 


rOTAL 


■RCENT 


0.043 
0.0 
0.0 
1.1  95 
0.384 
0.085 
0.0 
0.427 
0.043 
3.712 
0.768 
0.128 
0.299 
0.  085 
0.  043 
0.  043 
16.  937 
0.  683 
0.  085 


0.0 
0.124 
0.041 
1  .243 
0.621 
0.041 
0.083 
0.249 
0.0 
3.811 
0.539 
0.041 
0.124 
0.083 
0.083 
0 

18.103 

0.539 

0.207 

0.041 


SIN  6  SMI M  MOTEL  (STATION  2)  -  CONTROL  t  EXPERIMENTAL 

7/15/77 
(CONTINUED  I 


SPECIES 


NO.  OF  MOtmCf  INC.  (E«i 

tBYal  per  Cent  ToTal  Percent 


vnr.TrriT34W 
:::^R*rwTja4n»ic- 

TiH'lifW 

|4»I»T43g»»Tili 
H'J*HJ4AA'A6 


MS 

m 

IM 


A NOMURA 


8  RAC  MY  L  ►  A 
P1NNJJL1 


CAfiTDf 


pm* 

talLLl 


n«i  □*-**-- 
i’&WJ-J-l* 


(A( 

il 

Mr«*i  riw  t-m-ni  ( 
tan  «.im  1 1  j  rj.m-TJ 


LEPTOSTRACA 

-vSf&SW*-^ 

OSTRACCCA 

UNIDENTIFIED  SP. 
PENA  IDEA 


CIVS 


ACANTNOSQUlLLAB IM(N I£N$1 S 

25§flisls  IxCAyngii 


0.  043 
0.  364 
0*  043 
0.  171 
0.  043 
0.  128 
0.043 
0.128 
1.621 
2.432 
2.944 
0.  171 

0.  128 
0.043 

0.  043 
0.2S6 
0.  683 

0.  0 
0.  128 
0.  427 

1.920 

2.517 

1.664 

0.043 

0.427 

0.  043 
0.  213 

O.  043 

0.  0 

0.  085 

0.365 

0.  0 


0.041 

0.456 

0.249 

0.041 

0.083 

0.290 

0.041 

0.373 

1.491 

2.983 

3.355 

0.041 

0.083 

0.041 

0.249 

0.0 

0.704 

0.041 
0.290 
C.  829 

3.438 

9.486 

2.444 

0.041 

2.071 

0.0 

0.331 

0.249 

0.083 

0.041 

0.0 

0.041 


ECH I NOOERMAT  A 

ASTERO  IDEA  (STARFISHES) 

AUIEBMAIA 

LOTFURO IDEA  ( SEA  CUCUMBERS) 

hTuRCIdITT  (BRITTLE  STARS) 
UNIDENTIFIED  SP. 


0.043 
0.  043 
0.  427 


0.083 
0.  166 


HEM ICHORC AT  A 

ENTERCFNEUSTA  ( 4CCRN  WORMS) 
UNIDENTIFIED  SP. 


0.041 


CEPHALOCHCROATA  (LANCELETS) 


0.512 


0.621 


VERTEBRATA 

PISCES  (FISHES) 


PM*!  J3 1«|  W+1 


0.041 

0.041 


Si.N  6  SHIM  MOTEL  I  STATION  2)  -  CONTROL  &  EXPERIMENTAL 

1/19/77 

(CONTINUED) 


SPECIES 


totals 

NO.  SPECIES 
NO.  IND.  PER  M2 
S-H  INOEX  -  H* (LN) 
EVENNESS  -  J 


2344 

t  12 
3750 
3.4273 
0.7264 


114 

3C62 

3.5029 

0.7396 


HILTON  HOLICAY  INN  (STATION  3)  -  CONTROL  £  EXPERIMENTAL 

7/25/77 

(CONTINUED) 


SPECIES 


Ngx..  CF-iagi-tE*! 

TOTAL  PERCENT 


HILTON  HOLIDAY  INN  ( STATION  3)  -  CONTROL  6  EXPERIMENTAL 

7/2S/77 

(CONTINUED) 


SPECIES 


TOTAL  PERCENT 


UNIDENTIFIED  SP. 


OSTRACOCA 

UNIDENTIFIED  SP. 

PENA  IDEA 

TRACHYPENAEUSCQNSTR ICTUS 


ECHINOOERMATA 

OPHIURCIDEA  (BRITTLE  STARS) 
UNIDENTIFIED  SP. 


CEPH  ALOCHCROAT  A  (LANCELETS) 

fiBA^£Hl£SlflMA_ELQBICA6 


1  0 

0.370 

4 

0.  159 

22 

0.814 

30 

I.  189 

146 

5.399 

242 

9.592 

9 

0.  333 

4 

0.  159 

1  18 

4.  364 

1  IS 

4.558 

26 

0.  962 

41 

1.625 

3 

0.  Ill 

5 

0.  198 

3 

0.  1 1 1 

1 

C.  040 

0 

0.0 

1 

0.040 

0 

0.0 

1 

0.040 

12 

0.444 

0 

0.0 

1 

0.037 

0 

0.0 

9 

0.333 

2 

0.079 

1 

0.  037 

0 

0.0 

7 

0.  259 

2 

0.079 

22 

0.814 

59 

2.338 

55 

2.  034 

61 

2.418 

6 

0.  222 

13 

0.515 

1 

0.  037 

0 

o 

• 

o 

13 

0.481 

1  1 

0.436 

t  0 

0.370 

4 

0.159 

14 

0.518 

17 

0.674 

0 

o 

. 

o 

1 

0.040 

5 

0.  185 

e 

0.317 

9 

2.552 

19 

0.753 

VERTEBRATA 

PISCES  (FISHES) 


O.  037 


0*040 


TOTALS 

NO.  SPECIES 
NO.  IND.  PER  M2 
S-M  INDEX  -  H» (LN) 
EVENNESS  -  J 


2704 

105 
4326 
3. 1958 
0.6867 


2522 

98 

4037 

3.2651 

0.7121 


121 


CNICARIA 

ACTI  MAFIA  (SEA  ANEMCNES) 
UNIDENTIFIED  SP. 

PLATYHELM  INTHES 

TURBELL ARI A  (FLATWCRMS) 
UNIDENTIFIED  SP. 

NEMERTINEA  (RIBBON  NORMS) 
UMDENTIFI  ED  SP. 

NEMATOOA  (ROUNDWORMS) 
UNIDENTIFIED  SP . 

PHORON  IDA  (PHORONIDS) 

BRACMOPCCA  (LAMP  SHELLS) 
OLCTIIQIA  PYRAMICATA 

MOLLUSC A  (SHELLFISH) 


GASTRGFCDA  (SNAILS) 


ANNELIDA  (SEGMENTED  WORMS) 
OL I GOCHAETA 


2 

O.  079 

l 

0.062 

1  1 

0.  435 

t 

0.062 

36 

1.422 

34 

2.103 

0 

o 

• 

o 

1 

0.062 

0 

o 

• 

o 

1 

0.062 

I 

0.040 

8 

0.495 

0 

0.  0 

1 

0.062 

51 

2.  015 

23 

1.422 

36 

t.  422 

10 

0.618 

7 

0.277 

2 

0.124 

7 

0.  277 

3 

0.  186 

1 

0.  04  0 

1 

0.062 

5 

0.  196 

1 

0.062 

3 

0.  119 

1 

0.062 

IS 

0.593 

1 

0.062 

29 

1.146 

1 

C.062 

13 

0.514 

157 

9.709 

0 

0.0 

1 

0.062 

1  1  4 

4.  504 

ie 

1.113 

14 

0.  553 

5 

0.309 

0 

0.  0 

4 

0.247 

0 

0.  0 

1  1 

0.680 

443 

17.  503 

89 

5.504 

102 

4.  030 

120 

7.421 

4 

0.  158 

4 

0.247 

5 

0.198 

1 

0.062 

0 

0.0 

16 

0.989 

0 

0.0 

2 

0.  124 

0 

0.0 

1 

0.062 

28 

1  •  106 

57 

3.525 

19 

0.751 

17 

1.051 

1  3 

0.514 

13 

0.804 

2 

0.  079 

23 

2.041 

0 

0.0 

~  t 

0.062 

3 

0.  119 

« 

0.  124 

0 

0.0 

1 

0.062 

1 

0.  040 

0 

0.0 

9 

0.356 

1 

0.062 

28 

1.  106 

65 

4.020 

SANDPIPER  MOTEL  I  STATION  4)  -  CONTROL  6  EXPERIMENTAL 

7/56/77 

(CCNTINUED) 


SPECIES 


NQ«  .  no.  of  »NP« 

TO  t  AL  PERCENT  fo?AL  PfftiENT 


SANDPIPER  MOTEL  (STATION  A)  -  CONTROL  &  EXPERIMENTAL 

7/86/77 
(  CCNT INUEO ) 


SPECIES 


LEPTOSTRAI 


as 

UNIOENT IF IEO  SP. 

PENA IDEA 

PENAELS  OUORARUM 

sicmatopoBa 

AC ANT hQ SQUILL A  B IMjNlENSI S 


ECHlNOOEFFATA 

ASTERO  IDEA  (STARFISHES) 


FELL. II A  .QUINQUIESPERFCKATA 
OPHTuROtoel  (Sr ITTLE  STARS) 
UNIOENT IFIEO  SP. 


HEMICHORCATA 

ENTERCFAEUSTA  (  AC  CRN  WORMS) 
UNIDENTIFIED  SP. 


CEPFALOCFOROATA  (LANCELETS ) 

SBMStlLC  QB1QA£ 


I 

0.  0A0 

0 

0.0 

8 

0.  316 

A 

0.2A7 

1  A 

0.553 

A 

0.247 

10  1 

3.991 

17 

1.051 

A 

0.158 

2 

0.  124 

5 

0.  198 

9 

0.557 

28 

1.  106 

7 

0.433 

1 

0.  040 

0 

o 

• 

o 

0 

O 

. 

o 

1 

0.062 

0 

0.0 

1 

0.062 

>) 

6 

0.237 

3 

0.186 

5 

0.198 

39 

2.412 

0 

O.  0 

1 

0.062 

16 

0.  632 

191 

1 1.812 

TOTALS 

NO.  SPECIES 
NO.  I NO.  PER  M2 
S-t»  INDEX  -  HMLNI 
EVEANESS  -  J 


2531 

7  A 
A050 
2.8718 
0.6672 


1617 

94 

2587 

3.4385 

0.7566 


124 


PEPPERTREE  CONDOMINIUM  (STATION  9)  -  CONTROL  t  EXPERIMENTAL 

7/27/77 


SPECIES 


CN ICAR IA 

ACT  IN I  ARIA  (SEA  ANEMONES) 
UNIDENTIFIED  SP. 


PLATVHELMINTHES 

T UR BELL ARIA  (FLATWORMS) 
UNIDENTIFIED  SP* 


NEMERTINEA  (RIBBON  WORMS) 
UNIDENTIFIED  SP* 


PHOSGN  IDA  (  FHCPCN  IDS  ) 


ERACHOPCCA  (LAMP  SHELLS) 


MOLLUSC*  (SHELLFISH) 
CAST  ROPOOA  (SNAILS) 


NQ*  QF_IND*  (C.  )  NO*  CF  INC*  CE.) 
TOf  AL  PERCENT  TOTSSl  PlRiCfRf 


[Jiei 

U  i :» ri  ix^wzM.rn 
*4 vt.w i.u-mm 
a-  nm 

\4  PXKt*l:«  < 


ANNELIDA  ( SEGMENTED  WCRMS) 
POLVCHAETA 


t.y.tv  s*  rM;rrH'iR-1 

r4r*ni*>i:rv 

'*»  fiJ  (•»>!:” 

WUI-di 

*•»»:»  rmzi-K'f-r.' 

VET 

:r.T"ME*«:7-WJ4* 

Z  TT-M  4  •!:?-■  :!(■ 
:r-Ti4Ri:rw-!ir 

zi-C-i^ia+ir.T- 


0*341 

0 

0*0 

0.  0 

3 

0*180 

3.299 

49 

2*703 

o 

• 

o 

1 

0*060 

o 

• 

o 

1 

0*060 

0*  114 

0 

0.0 

0.0 

1 

0*060 

0*341 

20 

1*201 

0*968 

29 

1*742 

0*0 

2 

0*120 

0*227 

2 

0*120 

0*341 

1 

0*060 

0*114 

2 

0*120 

0*227 

11 

0*661 

0*0 

1 

0*060 

0.227 

5 

0*300 

0.795 

9 

0*541 

0.909 

3 

0*160 

1*932 

11 

0*061 

0.968 

6 

0*360 

0.0 

1 

0*060 

4*545 

255 

15*315 

0*682 

90 

9*405 

0.0 

1 

0*060 

0*114 

95 

5*706 

0*227 

3 

0*180 

0.0 

1 

0*060 

0.0 

1 

0*060 

0.0 

1 

0*060 

0*227 

1 

€•060 

0.0 

1 

0*060 

0*682 

20 

1*201 

0*0 

1 

€•060 

0*0 

1 

0*060 

0.0 

1 

0*060 

0*0 

I 

€•060 

7.045 

260 

17* 177 

0*114 

0 

0*0 

3*295 

13 

0*701 

0*114 

1 

0*060 

1*477 

10 

0*601 

I*  023 

3 

0*100 

PEPPERTREE  CONDOMINIUM  (STATION  5)  -  CONTROL 

7/  27/7  7 
(CCKTINUED) 


EXPERIMENTAL 


SPECIES 


2.  273 
0.  682 
0.  455 


1.321 

C.300 

0.901 

0.541 

a 


1.141 
0.180 
C.  060 
0.060 
0.060 
0.120 
C.  120 
0.420 
0.541 
0.0 


S1PUKCULICA  (PEANUT  MCRMS ) 
UNIDENTIFIED  SP. 


ARTHROPOD A  (CRUSTACEANS) 
A APHIPCCA 


A  AC MURA 


I"  -J  l*u  9  f, .§  fJMJ  W  l 

smsssH* 


5igftVXTE  Pleupacantha 

ini 


w:«  4  i*li  *,  M 


ISCPCOA 


UMOEKTIFIED  SP. 

PENA  IDEA 

IB&iblf£tlA£U5_SQNSISJiiyS 

ECHINOOERMATA 

EC HI  NO IDE A  (SAND  COLLARS!  UR< 

MELLIIA_flUINQUIESP£SFQSAIA 


1 

0.  114 

3 

0.  180 

9 

1.  023 

0 

0.0 

0 

0.  0 

1 

0.060 

c 

0.  0 

2 

0.120 

0 

0.  0 

1 

0.060 

9 

1.  023 

13 

0.781 

246 

27.  955 

245 

14.715 

1  0 

1.  136 

66 

3.964 

37 

4.205 

152 

9.129 

IS 

1. 705 

15 

0.901 

3 

0.  341 

1 

0.060 

4 

0.455 

0 

0.0 

3 

0.  341 

5 

C.300 

■> 

«■ 

0.  341 

2 

C.  120 

0 

0.0 

4 

C.240 

0 

0.  0 

2 

0.120 

8 

0.  909 

2 

C.120 

16 

2.04S 

a 

0.480 

14 

1.  591 

40 

2.402 

0 

0.  0 

4 

C.240 

0 

0.  0 

2 

0.120 

3 

0.341 

0 

0.0 

9 

I.  023 

0 

0.0 

0 

0.0 

8 

C.300 

3 

0.341 

0 

o 

• 

o 

4 

0.  455 

2 

0.120 

1 

0.114 

3 

0.180 

;> 

0 

o 

• 

o 

2 

e.  120 

126 


PEPPERTREE  CONDOMINIUM  (STATION  5)  -  CONTROL 

7/27/77 

(CONTINUED) 

t  EXPERIMENTAL 

SPECIES 

HOLOThURO IOEA  (SEA  CUCUMBERS) 
UNIOEI'TIFIED  SP. 

OPHIURCIOEA  (BRITTLE  STARS) 

OgMTQ^HRAGMUS  R  DEM  AM 

UNIDENf TFIEB  5P7 

0 

0 

4 

I 

0.  0 

0.0 

0.  455 
0.114 

13 

5 

0 

7 

0.781 

0.300 

0.0 

0.420 

hewicmorcata 

ENTEROPNEUSTA  (AC CRN  WORMS) 
UNIDENTIFIED  SP. 

0 

0.  0 

1 

0.060 

CEPFALOCHOROATA  (LANCELOTS) 

£BAK£fcil3SIflHA-£CaaiC&£ 

2 

0.227 

23 

1.381 

TOTALS 

NO.  SPECIES 

NO.  IND.  PER  M2 

S-W  INDEX  -  HMLNI 

EVENNESS  -  J 

6  30 

57 

1408 

2.9751 

0. 7359 

1665 

80 

2664 

2.9427 

0.6715 

CONTROL  &  EXPERIMENTAL 


BLUE  DOLPHIN  MOTEL  (STATION  6)  - 

7/28/77 


SPECIES 


CNICAR  I A 

ACT  INI ARIA  (SEA  ANEMONES) 
UNIDENTIFIED  SP. 


PLATYHELMINTMES 

TURBELL ARIA  (FLATWORMS ) 
LN IDENTIFIED  SP* 


NEMERTINEA  (RIBBON  ftORMS) 
UNIDENTIFIED  SP* 


PHOFCNIOA  (PHCFONIOS) 

EtifiBcais-ftBctiiiecn 


BRACHI CPCOA  (LAMP  SHELLS) 
GLOTTID1A  PYR AMI DATA 


ANNELIDA  (SEGMENTED  MORNS) 
OL1GOCFAET  A 

UNIDENTIFIED  SP* 
PCLVCNAETA 


flflysm 
juifi&is 


1  O. 064 


C  0*  0 


33  2*126 


0  0*  0 


0  0*  0 


24  1*546 

1  0*  064 

2  0*  129 

1  0*  064 

0  0.0 

1  0*  064 

3  0*193 

11  0*709 

4  0*258 

1  3  0*  838 

18  1*160 

0  0*0 

53  3*415 

4  0.258 

0  0*0 

217  13*982 

108  6.959 

0  0.0 


4  0*  258 

2  0*  129 

1  0*  064 

36  2*  320 
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0  0*0 
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3  0*193 


0  0.0 
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1  0*053 

208  10*970 

0*053 


CONTROL  (  EXPERIMENTAL 


BLUE  OOLPHIN  MOTEL  ( STATION  6)  - 

7/28/77 
(CONTINUED) 


SPECIES 


SIPUKCULICA  (PEANUT  WORMS ) 
UNIDENTIFIED  SP. 


ARTHROPOCA  (CRUSTACEANS) 
AtrPMIPCOA 

l«LV-S_S£* 


calliakassioae 


TO*1*14 


NEPAL 1 A  SP. 
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0.  193 
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0 

o 

. 

o 
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0.633 

0 

0.0 
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1.477 
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1.371 
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2.584 
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0.475 

7 

C.369 

2 

0.  105 
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0.422 

19 

1.002 

0 

0.0 
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0.527 

2 

0.  105 
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0.053 
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0 
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0 
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0.791 
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0.21 1 
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0.0 
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0.053 
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0.053 
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0.053 
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1.266 
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12.922 
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1.319 

50 

2.637 
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0.211 
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1.582 

9 
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0.21 1 
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0.264 
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10.496 

8 
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26 

1.371 

4 

0.211 

1 
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ECH  I  NODE  A  WAT  A 

ECHINO IDEA  (SAND  DOLLARS)  URCHINS) 
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BLUE  DOLPHIN  MOTEL  (STATION  6)  -  CONTROL  &  EXPERIMENTAL 

7/20/77 

(CONTINUED) 

SPECIES 

NO. ,  OF  UO»  (£«) 
TotAL  PERCENT 

NO.  OF  1ND.  (E.) 
TOtIL  PeRcenT 

UPHTuRCIOEAIBRITTcSSTARsy 

SSyfel6S?g?gii35gy"gew  « 

IB 

0 

3 

1.160 

0.0 

0.  193 

35  1.B46 

3  0.158 

9  0.475 

HEM I CHORDATA 

ENT ERCPNEUST A  ( A CRON  WORMS) 
UNIDENTIFIED  SP. 

1 

0.  064 

2  0.105 

CEPHALOCHORDATA  (LANCELETS) 

26 

1.675 

43  2.268 

TOTALS 

NO.  SPECIES 

NO.  INO.  PER  M2 

S—W  INDEX  -  H«(LN) 
EVENNESS  -  J 

ISS2 

66 

2483 

3.0020 

0.7165 

1896 

83 

3034 

3.3704 

0.  762  7 
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APPENDIX  D 


FAUNAL  SIMILARITY  MATRICES 

Similarity  matrices  for  time-sequence  samples  at  station  1,  and  one  time 
sampling  at  stations  1  to  6  (Morisita’s  Index  without  transformations  or 
standardizations,  and  with  matrix  values  multiplied  by  100) — beach  resto¬ 
ration  project,  Panama  City  Beach,  Florida  (November  1974  to  November  1977). 
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APPENDIX  E 


FAUNAL  CLASSIFICATION  ANALYSES 

Classification  analyses  for  time-sequence  samples  at  station  1,  and  one-time 
sampling  at  stations  1  to  6  (Morisita's  Index  without  transformations  or 
standardizations) — beach  restoration  project,  Panama  City  Beach,  Florida 
(November  1974  to  November  1977). 


TREASURE 

9/01 /77E  — 
8/02/77E  — 
1/05/77C  — 
2/02/77C  — 
8/10/76E  — 
'1/01 /77E  — 
‘1/19/76C  — 
1/01 /77C  — 
5/02/77C  — 
5/02/ 77E  — 
11/1/77E  — 
l  0/1/ 76E  — 
3/01 /77C  — 
6/17/76C  — 
9/21 /76E  — 
10/18/6E  — 
3/17/76E  — 
9/08/76E  — 
1 0/3/77E  — 
3/ 1 0/76C  — 

8/18/76C  - 

8/2t/76C 
10/18/6C  — * 
12/1/76E  — 

7/1 6/7GC  - 

8/02/77C  - 

9/01 /77C  - 

3/01 /77E  - 

8/21/76E  — 
9/08/76C  — 

10/1/76C - 

9/01 /76C  -i_ 
9/21 /76C  -* 

1 1/1/76C  -i 
1  /05/77E  -jT 
2/02/77E  -* 

1 1/1/76E  - 

12/1/76C  - 

9/01 /76E  - 

1 0/3/77C - 

1 1/1/77C - 

6/01 /77C  - 

6/01 /77E  - 

7/0S/77C  -i_ 
7/1 1/77C  -> 

7/05/77E  - 

VI 1/77E  — 


ISLAND  DREDGE  EFFECTS  (APRIL  1976-  NOVEMBER  1977) 


E? 


50  25 

LEVEL  OF  SIMILARITY 


BEACH  RESTORATION  -  ONE  TEAR  AFTER  DREDGING  AT  SIX 
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APPENDIX  F 


STABILITY  ANALYSES 

Stability  analyses  for  time-sequence  samples  at  station  1  showing  sample 
variations  and  time  to  faunal  recovery — beach  restoration  project,  Panama 
City  Beach,  Florida  (November  1974  to  November  1977). 


TREASURE  ISLAND  BEACH  RESTORATION 


ui 

o 

o 

UI 


</> 

-I 

O 

o 


hi 

U 

z 

oc 

f- 

in 

s 


138 


Carl  H, 


oO 

0  J 

>\  V*  —4 

„  _  w  _  *4  •*  «  ® 

U  US  ft  t3  *4  41  £  U 

S' .2  ft  2  .  .3  41  *7  o  «  ®  • 

_j  ©  V  30  h  h  •  d  -H  ft 

C.^5  _i «  ■  o  o  a  ~  ■*  <*•  <5 

si  ft  — •  O  **4  ^7  B  •  00  w 

|  i8's  ?  S?£  J!  “  .  S3  S  S'" 
I  *  ^  ssf  « 

m  •  *w  fl  x  u  ^  U  9  I  ft  ft  d 

£  e  u  .zogflcasi  xuZa 

o  4>  •  o  i  -3  «  2  *7  «  o  *  4i 

.2  Sn  c  >,n 

«  jr  e  oo  £n  c  ^  #  v  3 

—I  3  00  —•  U  O  £  <U  *J  O  03 

z  w  .  14  2  O  0  U  Klfc  UH"  3 


S’, 

X  *4  u  . 


u  b  lb  UH  u  41 


o  <HH  b.4i»i>ovc  > 

U0h«H4JO4-O00B®«  .. 

U  2E  Lt  JJ  £  9  t  O  t>  1  '■7  > 

OC«  £UflJ4ldj:OH  •  *ON 

^ajoiaioBO^owogJoo® 

iosa^Sotia-cac  «® 

oOvoEoftOOC  M  «  c  U  a 


~  5!  s  g  3  a  s  urjr 

ao«o£o®ooc  3  "  *  s  “  5  • 

C  u  im  V  41  3*j^o)ft4XB!CO 

v^tfl  >,  c  ®  ®  >-l  «  _  o  U  O 

00  ■oj«B4)4>®'0  "O  «H  »^</S 

si  c  5  x>  *7  Wi  *4  ft  U  ft  *4  *73  ®  ^ 

Ufl  «ftO0<U*  3  CS  W  4>  41 

73  1  ■  --I  O  d  -C  73  O  •  *  •  o  «  *H  • 

o  w  ^  a>  to  fi  v  ^  »  B  op  •-<  ■£  ^  ^  4 

o  — -i  .  U-H  O-  00  C  —  C  >»C  41  • 

U  n  O  >  £  41  ^  73  O  C  O  ■*<  fl  O  W  3 

cn  aj  — ,  u  fl  il  U  Jj  i<  0OH  v 

4i  ..  i  c  *->  c  w  3  •*<  t>  •  •  ,  Jj 

M  .  •«|*4BBft73W*4>41 

S*.  .  00  ft  4CO  c  WHM>  «- 

o  «  .geS^^wajwQi-i 

S  %  32  .  P  .in  «<33 

‘•'32,,-''*  2  2  S32  SS  ‘air 

2-Sg  «  -?  -o'?  .31  i  SaS  a 

£  "  ,O4li‘*C0«0>v  ft 

*  0  ^  41  «b»  -4  O  O  ®  *4  M  *4  .0  «  • 

5  (2  00-4  -4  0073  u  47  47  u  >  ft 

3  -6  ±J  *4  O  l-  41  c  4)£  O  4(  w  « 

Q_jLjU>'l*4iu!*fth4  C  B  *  a  • 
u  t  o  4  (A  w<  73  '+*  C  41  41  5 

o  t2  <ft  .  *o  00  -  O  £  .  o  O  o  d 

ci—41  p-  4i  if  j4  b  (J  N  U  *7  *4 

B£  ,  «S*po«4l#  OtU  h  41 

.CuaoauoS'uBcS  .  3  h  v  « 

3  C  £  O  4MP  41  4J  g*  «  X  .  o  3?  2  ^  *5  © 

ni  o'ic-i  ««!  fl-q  «  -  «  .  2  2  e  o 

5  S,2<3  £  £  5  5  JUS  35h 


U  *  «  47  M  tt  < 
a  ft  73  *4  it  0  *i 

a.-Jst  u.n; 

,.•32  8.23  I  "i  *  J 

?  1?22“  .332  8s- 


•  *s-  •  -»  w  a 

a.  c  u  .  z  oo  •  e 

a  «  •  o  <  -o  « 

«  *J  «  CM  C  >,  04  fl 


I  o  I  IM  JB  •  CS  — <  Id  C 
4*4Z  *  73  «  taa  -4  tJ 

owl  (  •£  4|®.^H  lj  Jj 

■  —  a  U  U  3  I  «  «  O 

■  ZOO  ■  C  4  3  I  X  u  Z  a. 


.2  8  <3  8  ►.A”  1H  y-3  ij-  = 
2-S2S  ..'S2S  »>2rz5  3  .  T 

wi  7  k  U  £  41  M  O  03  I 

a  B  C  U4)<ft.*H3H>>*,HO  2 

zv  .  b  M  Q  a  o  W>  Os,  M  ►-«  u  41  oo 

j  cftoeS-o  o  I  -  H  i  e 

O  .^7— <  0.41  .*  0041  «  I  U  *-<  Z  ®  •  • 

b44H4ll3bO<B|>*  <m,(TS 

u  u  Z  b  v  e  3  O  O  w  «  H  I  fl 

oc®  £M04lS£U|;*4|N 
34»«t®oc«»j(J»*si3’J2y00 

Sooswaju^OkCBiC  «® 

oo  l  a  b  5  «  u  S  e  m  •  s  li  ?  ; 
c  Z  >*<  a>  41  3wi4tt.£«XO 

5tB.|2ll2  81  5  » 

4)  C  <  £  H  b  «4  O  b  O  u  •3  4'^ 

h  S  4  41  4  =»  C  b44l41^ 

73  1  »H  O  C£  >.fl  o  ••  •  o  b7  • 

Q(/)*4  flj  «4  03  £1  41*7  (A  i  00— 4*4  b  W 

OH.wH^^aoflcu  c  exc  u  • 

u  a  2  >  X  41  u.  3O{SOb0O3W3 

«r8u-§Sul2^H  •  .T  s 

r~  ill  «4flflOb7^4l  •  >  *4  b  fl 

r  —  ,  ,  m  «  4)73  C  b  14  >7  >  V  — 

0  4  .icOH-HbJWO^  £  ® 

Q.H>4OU3£0|O4(*  2  5 

S3  .>®_32.f 


O  U  O  -4  *J 

*7  (2  «  >.  c 

5  2^3 


41M  •  CO  H  3  7  4  I  ■  M  ^  O  o  ■ 

b  (J  b  *CM  m  Q  00  ®  O'  g>C 

*473  4J</>0*4'-'2PH  ^  *4  “2 

^53:s.-si»i!ii3c| 

i  C  n.  iiibHU  (1Z4  0*4  b*7£  V  <  ® 

t  tfooS  *7  00‘3*-««*->B 

M  b  *4  ObvBOiiOO  * 

iO«4bb»bl|>4b  C  ■  *  C  • 

ioboa  ^Tt  “  V  «  2f 

1  O  lb  (fl  *  73  oo  *  0-C:o0ii5 

O  *7  »  O.  S  *  ^  U  a  li  n  sfS 

*.  *2  t:  o  5  S3  So  ^  • 

|  b  «b.U«  S,b  O  >  •*  -  2-  rXS-n 

|0£04l<74l«a  4>j  •?,  5  2  5  S 

!  S,3<3  2  3SS  a£S22K 


^  *4  M  — 1 

47  44  41  ® 

*4  41  X  47 


s,  q  b  (0  <0  *3  *4  41  X  W 

u%  «j  5.^«*4  °.2«2 

o  at  00  b  b  •  C  *7  B 

°^S  „«2  12°  8"  »“■  U 

g-g3  7  1?22-  .  322  8^ 

S  «  00  fM*4Z  *  "O  B  ta<  *4  b 

S  d  oo  u  |  j|«lx:4IO<'7Hbb 
a  .^7  (JH  b  7  Ofl  !  ^  «  O 

lb  fi  b  •ZaOBCB3f7C*7ZOi 
041*0  l^3411)»^idO®  41 

.b  4IN  C  37  C7  B(2otJ«!3-HU 

#  £  c  co  jo  r*  o  *7  d  *4  si  o  • 

b  M7UI  •*  ar  ^  *o  ^j*4  tl®  °  S  S  *? 

*4  3  00— 4  b  O  £  41  b  O  O  3  t 

Cb  cO  C  *J  4)^  O.  «  *4  41  *7  >>  •  7  O  N 

z  i3  .k!o«_u>ji!.uHui  oo 
7  C/3  O  C  b  3  ®  I  *^  ^  Jf  ® 

$  .HM  &  «••««  i  I  ^  ^  *  2 

ucuaM  ajObOQfi|»a  *7  fo  o 

b  u  2  b  4)  C  73  4  O  b  4  — 4)  B 

00®  £b  «  «  C£  u  i  «  •  41  2* 

oS«ia(iaob4b|i>Jau® 

5  6  0  3  •-  8  «,2#-  g  JS  .  •  • 


i«9i®WC3044®*4 

«S3  2  3  S3  81s- 1 

0*4  lb  O  O  O  U  fi 


HWibHoawwM  X  2  J*  B  -  S  * 

as^^-Ssos*  s "8  s*x:~ 

3  nrf  oOjJbwO-WflJigB  *  * 

J  4  3  >  X  v  ^  ^  O  C  O  -7  4  3  W  3 

2.  ..  ]  wS«T3b">ll  .  >  H  b  i 

0S3*  •  00  B  *fl  C  bHH>  4|h 

o  4  •  f  fi  |7<b  b  VMOH  UOO 

\i*  .^^s. 

£,32,"j22?2ias  %-fi 


«  4  •  ®  H  3  ^ 

bU  b  «CM  4  0® 

*4  *0  *7  (75  O 

>,  »V  O  -7  •*  » 
b  £  >  II  B  *  O 

*4  — <  *4  ♦  O  «  ** 

•  0  1*4  *7  O  <J  fi 

S3  ®  00*7  *7 


*4  w  a  5  w  ^  ■S 

?  op^  1  •  8»C  u 

*7  0  o  ®  o  >  ^  5 

ft  *4  W  *4  S  «  •  • 


i  m  ^*4b>BaB*O^Scc/>2 

H  b*4  o  b  #  C  l  £  5  i  *4  « 

>4O*7Ub4.»l*4B>«*4  e««0« 

a  u  b  o  &  co  *4  73  tw  O  a  41  ft 

O  O  £  M  •  <0  oo  -  O  JS  .0000 

o£l  o.®  ft  M  U  U  P7  *4  *4*7 

sfi-lw  IT*  x5|s5  Mi  |||  I- 

J]t25-  nil  l_n  .  u*  4  ig 

3i*isr*z shi iia*h 


A<  0  b 
O  ®  • 
*  *4  41  C4 

»  fi  d  oo 

47  00*4  3» 
*<  3  00*7 

“•5  2  . 

*  .-.2 
b  ft,  4  W 
u  uk 

^  f  S  8 

00  ft)  O  n 
0  47  «M 
*4  (ft  X 

5  .fs 
2  2  ■*  ■§ 
•0  1  •  *7 

o  ®  ^2  ® 

"5=5 


S lH«  • 

•  >4  > 

2  3  J  . 

»s.l3 

*4  Ja  >  « 

*4  —4  *7 

:i«?l 

B  u  u  o  a 
<3  o  x  w 

O  -4 

•  b  hi  I  •» 

as  • 

Sb  •  b  b 
C  fi  O  41 

*3  £ 

&  its 


a  ft  7)  *7  41  £  u 

a»-s 2£  ° 

-.•32  822  8~»t<s 

?  1  ?  2  if  ■“  .32.SS~ 

N  *4  Z  •  t)  B  tM4  *4*4 

X>  *4  I  a«£«ft,*'Hbb 

«  -.  U  *7  y  -0  i  -«52 

•  Z  oo  ft  C  ft  3  J  £  b  x  a 

§  I  ■O0)4l*7ftO®  • 

>,r4  Icia^BB^V* 
i)  N  O  *4  C  *4  1|  0  B 
•«  prw-0x*4uSudft  <7 
b  O  £  «  b  O  03  I 

*>A)<  O.B*74»— 4>\»*40  ^1 

U  47  Q  ft  u  bth  bH  b  «  00 

O0  b«  «|*7MB0 

4lUhOB|«a  *^*?2 

b  ii  fi  O  a  O  u  a  *7  I  0 

jsSSbSsuI  ?  •  *> a 

»  o  0  4)  b  4  b  H  4  J  •  U  00 
3  b  U  u-fift.  fi  afi  ft)  ft 

5  «  O  6  g  5  •  «  S  t!?  o 

8  S  .  -  9  S  3  *  1  3  *  § 

2  33  S‘g^'S'3^",w  ••  .. 

*7  M  *4  ft  V4  ft  *4  «  ■O  ■  ^ 

ftl  m  41  ft  3  0  b  41  4IA 

O  0  fi  X73  O  •«  •  0  4J  *4  • 

■  b  •£  «)«  ®  1  0C^t7  U  (ft 

£  ££  °'“o  a  o  2  i5<!  = 

rsui2uisr  .  -ta 

I  ■,  ft  ft  *0  b  *4  3V*  a  H  b  B 

,MB  4)OfibH*7>#b 

■  B  3*4«5  OWfiH  UOO 

u  hi  £  a  O  s  o  l  o*n 

b  3  I  I  •  •  *ia 

^  22  ^22  SS 
-s  .£i  -31  ji  =  Sa 
SSS5  23i S^  •  • 

- S £ allii  I" 2  a 

•>  im  a  a  O  b  C  *  •  C  • 

Cft  *7  73<M  d  «  41  00 


,£u  2 •“  *  »* £  2  !>.»• 

-  sH  8l's^iS“  1  a 

,  "  -  Jt  l  •  Z  ~  e  a  s  J  i  9 

•  73  90  *  O  £  »  o  w  O  fl 

Q,  {  a  b  b  O  N  b  <7  *4 

_S3tiS2SJ  -«u£« 

s  Is  is ■a | S3  ?s 

dills!  8,  Sa  8  ,  «S 

£  dll  Uilsy 


